水和多糖の構造と湿度および温度変化に伴う結晶転移 by 小林 加代子 & KOBAYASHI KAYOKO
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1. S  
 FhGrF
IAVX 1.1.
Ŏʢ6˨ǘ5ʢêŖ]`dsʯě3F+.̥2+(Āěɗ5ʵʌ/Hjz\
̋DȆ̵0:²ˣɰ2ŐɒͦêŖ580,/IȎɗʫ˄ŉ5 Ʈê/Ih
fȎɗ5̆˙ɗ̋/Iɋʞ216ˏɰ3CFɽGJ(Ŏʢ/I&5°3C
ÿɗ˝͡˕͡y\pP3ˌI?/GEIɡɗŎʢMǳ!.I0ɽGJ
.I 1Ŏʢ5Ȓ̤6ȒƮ˩ʩʯěȓƇêűȒ̤ʘ3F+.ê͡J&5ʭ@ěL
%Șʗ/ɑǘ5ʏ͡5ŎʢŗĹ!ƗIŝ͍ˋ ɒɨ3ŗĹ#IŎʢCŎʏŎȓ/H
hf5F2ʏ͡5ąʢ0ʯě5ʾH̟!ąºGƮIąʧ2Ȓ̤Mƾ,C5C
J7P\l5F3Ŏ5êűMǳ#IC5ǰ36y\pP5ƾ,Ŏʢ
5F3˨ǘ5ȒƮʢƮêDʯě/ȒƮJ(ˆ̋DPw̵ʯě!(͔Ž3˨͐
/ɘɫ2Ȓ̤Mƾ,C5CI 
ˋɒɨ3IŎʢ5ƑøCʫ˄ŉ5ȒƮƮêUv[5̆˙ɗ̋yRW~Q
ɡɟȲƢɗ̋21Ŏű3L(IƖ+.&J3ƞ".~Qə͞ʠə_
əC!6˨ě½5rm\f5̱Ʉ˯əƫ0+(ȓ2ƍƫ/ŗĹ!.
I2/CȒ̤Mǐƾ#IƑøMƼ~Qə5ŎʢD̆˙ɗ̋0!.˘GJ
I͞ʠə5Ŏʢ6ʯǭƢ5Ķ½0!.ˋɒɨ3ŗĹ#IhfɋʞZl0
+(́ţ3ŗĹ#IŎʢ5ŏ̱êJ3ɵƌ#I(Bˋɒɨ3ŗĹ#IŎʢ5ŏă
M5F2ʯǭƢŎʢćB.I0I 
 FaFV
k>g 1.2.
ĝ"ĀřʭƮMƾ,ĝ5ɗ̋/+.Cɫ2IʯǭƍMƍƮ#Iɝ̂MʯǭŎƍ0
ʯǭŎƍ6̹ŮʯǭGjz\̋ʯǭ3ˌI?/GEIʯǭƢɗ̋/˪GJI
C5/Hƌɒ&5236Ŏ5ŎʢʯǭCĢ?JIĚŎʢ3,.5˹ʫ6Ș͙
3˴#Â7hfɋʞZl215Ńě6ˋɒɨ3ŗĹ#Iȟ͋3.
ɡɗʏ3F+.ɫ2I©ʏ͡5ʯǭƍŗĹ#I&!.G3ĀřèɟMǡ!(Hƻ
é!(C5MãʯǭĀ%(H#I03F+.ˋɒɨ36ŗĹ!2ʯǭƍ;0̓ʍ
#IŃěI?(-1,4-ZdDqZfr5F3ˋɒɨ3.6͔ǭƢC
!6͔Ž3ʯǭƢ5»ɗ̋0!.ŗĹ#IŎʢ/+.Cʡ˧!.ãʯǭĀ%I
03FHʯǭƢMʅ#F32IC5CI 
5F2Ŏʢ5ƾ,ȓ2ʯǭƍ5236ȦêŖMĢN)əƫ/ʯǭĀ!.I
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C5ŗĹ#IɑȖņDjz\̋ʯǭ21ˬȦƢMǳ#IĀěɗ3.ȦĩȒ̤6
͜ʼ3˪GJIȒ̤/HˬȦƢŀ/IȦ̵ŀMŎǘƾ,ŎʢCÂō/62h
f 2,3Pf 4-6Zl 7,8-1,3-]X 9-1,4-Zd 10-1,3-Zd
 11-1,4-t 12-1,3-]X 13-1,3-t 14qZfr 15u_
 16 21=>Ý.5 ˩2ŐɒŎʢ3.ȦĩȒ̤5ŗĹłĥJ.IȦ3
ȍƤ#Iɡɗ6C*KN50͉3.Cɡɗ5ʫ˄5â̱6Ȧê/Ɂ(J.
I(Bˋɒɨ3ŗĹ#IŎʢ5Ŏ6Ȧ0͎Hě+.ŗĹ!.I032HŐɒŎ
ʢ3ȦĩȒ̤MĒIC5Ŏ06ˌȑƌɒ/I0I 
 k>g9;FaFV
ag 1.3.
ó̠5F3 10ʏ͡M̏IŎʢ3,.ȦĩȒ̤Mƾ,0ɽGJ.I
/6Ǹɿʑ5ť̂0!(hfPfZl-1,3-]X-1,3-Zd
5 5ʏ͡5ŎʢͬFig. 1-1ͭ3ɰMʰHȦĩȒ̤Mƛ0!(ʯǭŎƍ0&5ʯǭȒ̤
3,.˴#hfPf-1,3-]X6$JC]`f5@/ȒƮ
J(Ŏʢ/IʯěȓƇ6&J'Jɫ2Hhf6-1,4ʯěPf6
-1,4-ʯě-1,3-]X6-1,3ʯě3F+.̥2+.IͬFig. 1-1a, b, d ͭZl6
hf0ĝȓ3-1,4ʯě/̥2+.IN-Phl]`bMȒƮ˩ʩ0!
.I(Bhf/6]`fɠ5 C2º5̱ê3{sZdŀʯě!.I
53ť!Zl/6PhrPsŀʯě!(Ȓ̤02+.IͬFig. 1-1a, c ͭ?(
-1,3-Zd6-1,3-]X0ĝȓ3-1,3ʯěMǳ!.IȒƮ˩ʩ6Zd
fȞŀ/I(B-1,3-]X/6 C6º3ʯě!.I{sZdlŀ-1,3-
Zd36ŗĹ!2ͬFig. 1-1d, e ͭ 
Fig. 1-1. Chemical structure of (a) cellulose, (b) amylose, (c) chitin, (d) β-1,3-glucan, and (e) β-1,3-xylan. 
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1.3.1. (), 
ȎɗD˝͡3. ˩2ʫ˄ŉ5ǐƾ½02+.Ihf6ʯǭƢ5~Q
0!.ˋɒɨ3ŗĹ!.I50hfʅ# X ʸ5İƸzj615
ɡɗʏ3.Cĝȓ/I(B1980 Ɓ²í͛?/6hf I 0Ĩ7JI,5ʯ
ǭƍ/I0ˁGJ.(!!2G&5ƔĶ½ 13C NMR ȭFT-IR ȭ͓Ŗʸ
İƸȭ3F+.Őɒhf6hf Iαhf Iβ0Ĩ7JIɫ2I©ʏ͡5
ʯǭƍGƮI0ǩG02+( 17-20hf Iα0hf Iβ61*GCÝ.5ê
Ŗ̾ĝ"ǠğMğ(ƀ˟̾Ȓ̤/HȕǞ͕G˪(Ȓ̤6͔Ž3͡¹!.I 21,22
()!êŖ̾3ļɴ2ǠğG˪I0&5̲ìȓƇɫ2I(BąºȈŖ6 Iαͬ ǝǭͲ
a = 6.717 Å, b = 5.962 Å, c = 10.400 Å, α = 118.08°, β = 114.80°, γ = 80.37° ͭIβͬąǝǭͲa = 
7.784 Å, b = 8.201 Å, c = 10.380 Å, γ = 96.5°ͭ0ŏɫ2I 21 
hf5ʯǭƍ6©ʏ͡5Őɒhf³ō3ChĀDɄ˯ãɡ3F
+.ƗGJIhf II23,24PuPDPèɟ/ƗGJIhf IIII2521
,ŗĹ#I5*J?/3ȦĩȒ̤5ŗĹłĥJ.I56hf
II3̥ͅ#IC55@/Iͬ˹ʫ6Ɣ̠ ͭhf II5Ȓ̤6hf I06Ý
ɫ2H͎ HěêŖ̾ɫ2IǠğMğ(̡ƀ˟̾Ȓ̤5qǋȉJ.I 23,24
hĀ3F+.ƗGJ(hf II 5ʯǭȒ̤q3FI0ͬFig. 1-2ͭ24ąǝ
ǭ5ąºȈŖͬa = 8.10 Å, b = 9.03 Å, c = 10.31 Å, γ = 117.10°ͭMƾ*ąºȈŖ5ƛ3º
ʿ!(êŖ̾ͬcenter̾ͭ6̰×Ƿʖ c̔0̡Ǡğį͊3ºʿ!(êŖ̾ͬcorner̾ͭ
/6̰×Ƿʖ c̔0ĝ"ǠğMğ.IͬFig. 1-2, left ͭab͕M˪I05 center̾
0 corner ̾6[110]Ǡğ3ɬȦɰ2ɵªÀɣ3FIêŖ̾drMƍƮ!.HG3
êŖ̾dr̈́36˨ǘ5ȦʩʯěŗĹ!.IͬFig. 1-2, right ͭ 
Fig. 1-2. Crystal structure of mercerized cellulose II proposed by Langan et al.24. 
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hf3ȦĩȒ̤ŗĹ#I06Sakurada0 Hutino263F+.íB.ǩG3
J(ɝĹ/62,5ɫ2I˼˧Ǡȭ3F+.hf5ȦĩȒ̤ƗGJI0L
+.I1,6PXhf IV0Ĩ7JIhĀ5̈́½/H 2C 1
,6hf IIȦĩɗ0Ĩ7Jhf II-{se˨ě½MȦȱ!.ƗGJIC
5/I 3 
#,(6
('(), IV 
hĀ619 ʤ3ehɮ˪!(PXɄȷ3FIŐɒh
f5èɟǠȭ/I 27hĀ6hfʽʳ5ÙȫDȖȊɰƋƅȂˑƢ21Mğ
%I(BʽʳŶȐ3.ɝĹCɣGJ.IɘŜ5Ɏƅ5PXɄȷMɣ
.hĀM˟0Őɒhf5ʯǭƍ/Ihf Iα0 Iβ6PX
hf0Ĩ7JI,5̈́½M¯!.hf II;0̓ʍ#I 28 
JGhĀ5̈́½3,.6XʸİƸȭ 2,29-34DĶ½ 13C NMR f\rȭ 35-39
Mɣ.ǘŎ5ɿʑ˟LJ.(ɝĹhĀ5̈́½3,.6ˏɰ3³
5F3ɟ˯J.I?$Őɒ5Dʴ215hfʽʳM 3–5 N NaOH
Ʉȷ3ȵɇ#I0PXɄȷhfêŖ̾̈́3ÆÜ!.PXhf I
0Ĩ7JIPXRWȦhf5˨ě½ƍƮJI5PXh
f IMāê2̸5Ȧ/ȱ0ʯǭȈŖGPXRWĒH͈J.PXh
f IV0Ĩ7JI̈́½3̓ʍ#IPXhf IV0Ğ±GJ.IC55
ŝ͍36ʯǭȈŖ3PXRWMĢN/6G$hf II5ȦĩȒ̤/I
Ɩ+.§ɖ3FHPXhf IVhf II;0̓ʍ!JhĀ
5ǲʬ̩ʎ02I 
Nishimura 0 Sarko26PXh
f IV5ʯǭȒ̤3,. XʸʽʳİƸȭ
F9ʔ½Āřɰ2q]5ƳȭMɣ
.˯Ǿ!(ǋȉJ(ʯǭȒ̤q6
ʒ̈́ˀ P21©Ǹ̾ąǝǭ5ąºȈŖͬa = 
9.57 Å, b = 8.72 Å, c = 10.35 Å, γ = 122.0°ͭ3
ȦêŖ0̡ƀ˟̾5hfêŖ̾̲
ì!.I0C5/IͬFig. 1-3 ͭh
f II 5ʯǭȒ̤3ŀ-.˯Ǿ˟
LJ.I(BŀǸɰ3&5Ȓ̤6h
f II 0͔Ž3͡¹!(C502+.I
Fig. 1-3. Crystal structure of Na-cellulose IV proposed by 
Nishimura & Sarko2. 
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ąºȈŖ5½ʐ6ȦêŖćBI½ʐê5Ɛ͗/hĀhf II 5ąºȈŖ
245½ʐ3ȣ<.ʥ 9%ŏ?(ʯǭȈŖ3Ģ?JIȦêŖ6]`f 2 Ȟŀ(
H 1 ,/HÝ.5ȦêŖ6hfêŖ̾5 corner ̾̈́3˫òȚ!̲ì!ĦĴ
5hfêŖ̾0ȦʩʯěMƍƮ!.I 
(), IIk>u 
Lee0 Blackwell406ɑȦ{se3ɥǽ5hfDãɡhfMȵɇ
%.ƗGJIhf{se˨ě½3,.ɿʑM˟hf II{se
˨ě½MȦȱ!.hf II3Ʊ#͍3&5̈́½0!.hf II5ȦĩȒ̤ͬ h
f IIȦĩɗͭƗGJI0Młĥ!(&5ƔXʸİƸȭ0hf II5Ȓ
̤Mŀ3!(ʔ½Āřɰ2q]3FHʯǭȒ̤˯ǾJ.I 3ͬFig. 1-4 ͭƗG
J(ʯǭȒ̤q3FI0ąºȈŖ6 2Ǹ̾5ąǝǭͬ a = 9.02 Å, b = 9.63 Å, c = 10.34 Å, 
γ = 116.0° ͭʒ̈́ˀ P21/HPXhf IV0ĝȓ3hf II5Ȓ̤Mŀ
3˯Ǿ˟LJ.I(B3hf II 0=>ĝ"F2Ȓ̤02+.IȦêŖ
6 1 ]`fȞŀ(H 1 êŖĢ?J.I0JIJG6êŖ̾dr̈́5
13̲ʿ3!.C˯Ǿ5É͝ƅMʅ#É͝ƅıŖňú!((B3êŖ̾dr̈́3
k3ŗĹ!.I0J.I
hĀhf II 0ȣ̕!(0
5ȈŖ½ʐ6ʥ 20ͫŏ()!
/łĥJ.IąºȈŖ6h
f IIDPXhf IV5ąºȈ
Ŗ5ĒHǠ06ɫ2+.HͬFig. 1-4 ͭ
JG0ĝ"F3ąºȈŖMĒ+(Ń
ě36ąǝǭͬ a = 9.63 Å, b = 9.89 Å, c = 
10.34 Å, γ = 125°ͭ02I 
1.3.2. $), 
Pf5ʯǭƍ6ŏê. AĽBĽVĽ3ê͡JIAĽF9 BĽʯ
ǭ6Őɒ5ɋʞǳ#Iʯǭƍ/H1*GC©̶G%NȒ̤/IG3A Ľ
F9 BĽʯǭ61*GCȦĩȒ̤/HȦêŖMő0ʯǭƢMÈ,0/2 41
ǠV Ľ6Pfȓ2Āěɗ0˨ě½MƍƮ!.ɡ"Iʯǭƍ5ʵʌ/I
ǳĞ2SʩqĐƞC5Pf˨ě½MƍƮ#IÂ/IP`
͡ˆ̋21Pf0˨ě½MƍƮ#I0łĥJ.IC56F& 80ʏ͡3C
5>I 42,43JG V Ľʯǭ53CDMSO DUjw05˨ě½M¯!.ƗGJI
Fig. 1-4. Crystal structure of cellulose II hydrate proposed by 
Lee & Blackwell3 with the original unit cell (solid line) and the 
unit cell chosen the same as cellulose II and Na-cellulose IV 
(dashed line). 
  8 
ȦĩȒ̤ͬVhĽͭŗĹ#I 6,44 
p[	aVABa
 BBa 
Ȏɗ5̆˙Ŏʢ/Iɋʞ6 3Pf0P\l0©ʏ͡5ŎʢG
ƮIPf0P\l61*GCŀǸɰ36-1,4-]X/IP
f6ɴ̾əC!6êű+.CȑÔ/I53ť!P\l6-1,6-
ʯěM¯!(ͦƅ2êűȒ̤Mƾ,ɋʞ5ͦȘȒ̤6͔Ž3˨͐/HǶ)śÝ3ǩ
G32+.62ĔGȓ2êǾǠȭ3FHɿʑ̧BGJƕ3&5Ȓ
̤˯ǩJ.I 45,46 
ɋʞʠ6ăʯǭƢ5ɗ̋/H͔ǭ͚ľ0ʯǭ͚ľŗĹ#IG3ɋʞʠM˭Ť
#I0 growth ring0Ĩ7JIƁ̙ə5Ȓ̤˪GJI5F2Ȓ̤M˻ǩ#I(B5
q0!.ɝĹ/6 Fig. 1-55F2C5ǲCƄɣGJ.I5q3F
I0ɋʞ5ʯǭƢM.I56P\l5ɾ̱̾ê/H͎Hěɾ̾ĝŋ
©̶G%NMƍƮ!G3͎Hě©̶G%Nĝŋç͏!.ʯǭMƍƮ!.I
&!.5ʯǭ͚ľ5ʯǭƍɥǽ#IȎɗ3F+.ɫ2HrS`dDͪ21R
vʊ5Ȏɗ/6 AĽR͡21ń˔Dȇ˔/6 BĽʊ5Ȏɗ21/6 AĽ0 BĽ
ȺĹͬCĽ0CĨ7JIͭ#I 
AB BBag 
³5F2Ȓ̤Mƾ,ɋʞ6ʯǭƢ»ʯǭȒ̤5˯ǾM˟56͒!&
/ʯǭȒ̤M˯Ǿ#I(B3ɣGJ.ǽ(5Pfʯǭ/IŐɒ5ɋʞ/
6ʯǭ5ƍƮ3ͅ!.20ˁGJ.IPf)ãʯǭĀ3FH A Ľ
F9 B ĽʯǭMƍƮ#Iɘ3PhlĀ3F+.ƗGJI_Mƈ+ƊI03FHÀ
Ʈ!(̲ğ˷ǜ 47DêŖ̸5Ūɾ̾PfGƗGJIąʯǭ 486Ȓ̤˯Ǿ3
.ŏ2ŕùMɮǍ!.( 
Fig. 1-5. Schematic model of starch granule45. 
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AĽʯǭ5Ȓ̤61978Ɓ3̲ğ˷ǜ5 XʸʽʳİƸĵMɣ(˯Ǿ3FHíB.q
ǋȉJ 49&5Ɣ6 3ąʯǭ5͓ŖʸİƸ3FIȒ̤5˯Ǿ˟LJ.( 50,51
&!. 2009Ɓ36Xʸ5R\|Mɣ(ąʯǭ5Ȓ̤˯Ǿ˟LJ&5Ȓ̤
śÝ3ǩG3J( 4ͬ Fig. 1-6 ͭ5q3FI0ąºȈŖ6ąǝǭͬa = 20.8 Å, 
b = 11.5 Å, c = 10.6 Å, γ = 122° ͭʒ̈́ˀ B2/HÝ.5êŖ̾ĝ5ǠğMğ(ƀ
˟̾Ȓ̤/6]`fȞŀ/ĦǴ5ŷŹ©̶G%NȒ̤02+.I5ǟ!
ǋȉJ(q36&J?/3ǋȉJ.(q 50 0ɫ2Iɐƃ,Hą
ºȈŖ3ť#IêŖ̾Ǡğ̡/I0͔̰ͬ×ǷʖÑ c̔ǠğMğ ͭʯǭ3Ģ
?JIȦêŖ5ǘ 2 Ìͬ]`f 3 Ȟŀ3ť!ȦêŖ 2 Ëͭ/I0?(©̶G
%NȚÞˮƍə/62 b ̔Ǡğ3ū!ƺ!ɉ!(F2ƍ/I021ǩG0
2+( 
ǠB Ľʯǭ5Ȓ̤6 1944 Ɓ3íB.qǋȉJ 52&5ƔC 3̲ğ˷ǜM
ɣ( XʸʽʳİƸȾŜ3FHƃ,C5ʯǭȒ̤qǋȉJ.( 5,53-592004Ɓ
3TakahashiG3F+.ǋȉJ(ǲCǟ!qCĝȓ3̲ğ˷ǜ5XʸʽʳİƸ3F
Fig. 1-6. Crystal structure of A-amylose proposed by Popov et al.4. 
Fig. 1-7. Crystal structure of B-amylose proposed by (a) Takahashi et al.5 and (b) Imberty & Perez59. 
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HƗGJ(C5/ąºȈŖ6ÞǠǭͬa = 18.52 Å, c = 10.57 Å ͭʒ̈́ˀ P61-C62AĽ0ĝ
ȓ3ƀ˟̾/H6]`fȞŀ/ĦǴ5ŷŹ©̶G%NȒ̤/I0J.I
5ͬFig. 1-7a ͭʯǭȒ̤3Ģ?JIȦêŖ5ǘ6 1]`fȞŀ(H 3,0J.
HAĽʯǭFH2HŎ5ȦêŖĢ?J.I032I1988Ɓ3 Imberty0 Perez
3F+.ǋȉJ(q 59ͬ Fig. 1-7bͭ0ȣ̕#I0PfêŖ̾5©̶G%NȒ
̤3,.6=>ĝ"/IȦêŖ5̲ʿ˂/6Ýɫ2+.I?(5 2
,5q/6 c̔3ť#Ḭ×Ƿʖ5Ǡğ̡/IÞǠǭ/I(B3ŝ͍5Ȓ̤
36ɑͅÇ/I 
1.3.3. * 
Őɒ3ŗĹ#IZl6ZlZl0Ĩ7JI©ʏ͡5Ȓ̤3êGJI 60,61
Zl6ɦȠ͡DǦ˞5Ƞ213́ţ3ŗĹ#I53ť!Zl6RX5ˈͮɜ˝
5ȋǼͮxWd5ȍʛ21ȑ̱5ɡɗ5@3ŗĹ#I 
Zl5ʯǭȒ̤3,.6ɑȦȒ̤5@ɽGJ.H͎HěêŖ̾5ğ
ɫ2I̡ƀ˟̾Ȓ̤/I0LJ.I 62,63ǠβZl5ʯǭȒ̤36ɑȦȒ̤0
2 ʏ͡5ȦĩȒ̤I0 Blackwell 3F+.łĥJ( 55G3β Zl6Ȧê
Ŗ³ō3CŪ2êŖͬP`PʘͭMĒH̛@˨ě½MƍƮ#I0ɘ
ȝ2Ƣ̋Mƾ,0L+.I 64-68 
Zl5ʯǭȒ̤3,.6ǲ̞?/ 1975Ɓ3 Gardner & Blackwellǋȉ!(ɑȦ
Ȓ̤5qłĥJ.I5@/+( 69!!5ǘƁɑȦȒ̤F9©ȦĩȒ
̤3,. X ʸİƸF9ƢŖʸİƸ3FIȒ̤˯Ǿ˟LJȦʩĊŖMĢAÝ.5
ĊŖ5ºʿ˹ʫ3ȏ˳J(ʯǭȒ̤qǋȉJ( 8,70,71ͬ Fig. 1-8 ͭɑȦȒ̤5
q3FI0Zl06ťɓɰ3Zl6ƀ˟̾Ȓ̤/Hąǝǭͬa = 4.820 Å, b 
= 9.247 Å, c = 10.390 Å, γ = 97.21° 5ͭąºȈŖMƾ, 70&!. ac͕3ȦʩʯěF9ɬȦ
ɰɵªÀɣ3F+.êŖ̾drMƍƮ!.I5êŖ̾dr̈́36Ȧʩʯě
Fig. 1-8. Crystal structure of (a) anhydrous β-chitin71 and (b) dihydrate β-chitin8. 
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ŗĹ!2 71ͬFig. 1-8a ͭ5F2Ȓ̤ɰ2ɘƚMǳ!.IE3Zl6
5êŖ̾dr̈́3ȓ2ĀěɗMĒH̛A0/I0ˁGJ.Iŝ͍Sawada
G5©ȦĩȒ̤5q3.CêŖ̾drȒ̤6ɑȦȒ̤0=>ŌLG2ƍ/ŗ
Ĺ!.HąºȈŖ6ąǝǭͬa = 4.814 Å, b = 11.167 Å, c = 10.423 Å, γ = 96.45°ͭ0ɑȦ
Ȓ̤3ȣ<. b̔ŏž3̀êŖ̾dr̈́3 N-Phl]`bͬGlcNAcͭȞ
ŀ(H 2,5ȦêŖ̲ì!(Ȓ̤02+.I 8ͬ Fig. 1-8b ͭ()!ȦêŖ0Zl
êŖ̾C!6ȦêŖĝŋȦʩʯěMƍƮ!.HȦʩʯěȓƇ6ɑȦȒ̤06ŏ
ɫ2+.I 
1.3.4. -1,3-(* 
-1,3-]X6˕͡y\pP˝͡Ȏɗ215͔Ž3Ŏ5ɡɗʏ3ŗĹ#I
Ŏʢ/I 72()!Ŏ5ɡɗƾ,	-1,3-]X
6-1,6-ʯěM¯!(êűM
ƾ+.(H-1,4-ʯěĢ?J.(H#I(Bɴ̾ə/ʧʟ2-1,3-]XMƾ
,ɡɗ6ǘū2&5ǘū2ʧʟ2-1,3-]X52/C²ˣɰ2C5
AlkaligenesŮ5z\pP˕½ō3ɡɢ#IXs 73sd5̆˙Ŏʢ/I
z/I 74 
Őɒ5Xs0z6ɫ2
IʯǭƍMʅ#Őɒ5Xs6Ȧĩ
Ȓ̤/I͔ Ž3»ʯǭƢ/I(B
3&5˹!Ȓ̤3,.6Ƕ)Ŝ˻
27/1 ̶G%ND 6/1 ̶G%N0
+(˨ǘ5qŗĹ#I 75-77!
!2GXsMȦ/Pu
]#IͬŢ́əƫ/ʥ 140/èɟ#Iͭ
0ͦʯǭƢ5ɫ2Iʯǭƍ;0ŌĀ!&
5ʯǭƍ36ȦĩȒ̤0ɑȦȒ̤ŗĹ
#I 78Xs06ťɓɰ3z
6͔Ž3ʯǭƢ5ͦɗ̋/Iz
65Pu]!(Xs
0ĝȓ5ʯǭƍMƾ, 79 
Pu]!(XsF9z
ǳ#Iʯǭƍ,.6Xʸİ
Ƹ0ʔ½Āřɰ2q]Mʭ@ěL
Fig. 1-9. Triple helical model of anhydrous β-1,3-glucan 
proposed by Deslandes et al80. 
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%(˯Ǿ3FHɑȦȒ̤ȦĩȒ̤0C3̶G%NqǋȉJ.I 9,80ɑȦ
Ȓ̤5q3FI0ͬ Fig. 1-9 ͭėŹ5 6/1̶G%NÞǠǭ5ąºȈŖͬ a = 14.41 Å, 
c = 5.87 Åͭ3 c̔ǠğMG%N̔0!.̲ì!.IÝ.5êŖ̾5ğʘ!ƀ
˟̾Ȓ̤/Hʒ̈́ˀ6 P630J.I 80ǠȦĩȒ̤CɑȦȒ̤0ĝȓ5̶G
%NÞǠǭ5ąºȈŖͬa = 15.56 Å, c = 18.78 Åͭ3̲ì!(Ȓ̤/I()!1]
`fȞŀ(H 2 ,5ȦêŖ̶G%N̈́3̲ì#I(B3 a ̔ɑȦȒ̤FHC̀
2+.IG3c̔6ɑȦȒ̤5 3Ì3ɵƌ#I̶G%N5ĦǴêʒ̈́ˀ6
P1ͬ ()!ȦêŖM͈0 P33̞ͭ/I0łĥJ.HɑȦȒ̤0ȣ̕!.ťʌ
Ƣ5»Ȓ̤02+.I 9 
1.3.5. -1,3-&* 
-1,3-Zd6̱5ʶ˝Dʦ˝3ŗĹ#I0ɽGJ.I 81ɘ3Bryopsis
ŮCaulerpaŮUdoteaŮPenicillusŮ21Rojɳ5ʶ˝36ʫ˄ŉ 3~Q
ə5-1,3-Zd/ȒƮJ.IC5I 82#2L*5F2ʶ˝3.
-1,3-Zd6Ȏɗ3Ihf0ĝȓ5ƑøMƼ+.I 
-1,3-Zd5ʯǭȒ̤65F2~Qə5-1,3-Zd52/Cȣ̕
ɰͦʯǭƢMʅ!G3âŉ/6ʫ˄ŉ5̀̔Ǡğ3~Q̲ğ!.I
Penicillus dumetosusMɣ.ɿʑ˟LJ.( 11,82-841964Ɓ3 Frei0 Preston6 Penicillus 
dumetosus5âŉGƗGJ( XʸʽʳİƸĵMɣ.-1,3-Zd36ȦĩȒ̤0ɑ
ȦȒ̤ŗĹ!&J'JÞǠǭ5ąºȈŖͬ ȦĩͲa = 15.4 Å, c = 6.12 ÅɑȦͲa = 13.7 Å, 
c = 5.85 ÅͭMƾ,0Młĥ!( 82&5Ɣ5 XʸİƸĵMɣ(ǰ2I˯Ǿ˟L
Jʔ½Āřɰ2q]ĎōêÙȭ3FI˯Ǿ5ʯȁ0ěL%.ȦĩȒ̤5ʯǭ
Ȓ̤qǋȉJ( 11,845q3FI0ʒ̈́ˀ6 P63ƀ˟̾Ȓ̤/HZ
dêŖ̾6ėŹ5 6/1̶G%NMƍƮ!.&5̶G%N̈́3 1ZdfȞŀ
(H 1êŖ5Ȧ̲ì!.IAtkinsG5˽ǚ3ǉ̖J(ĊŖƆȔ 11/65ǋȉ
J.IqMãɝ#I0/2(B/6qĵMʅ#06ɷɩ#I
5̶G%Nq6-1,3-]X5̶G%Nq0͔Ž3͡¹!.Iͬ Fig. 
1-9 ͭ?(5 Atkins G5̶G%Nq6êŖ̾5Uv[˲ʚ3FI˯Ǿ3F
+.ǐƾJ.I 85 X ʸİƸĵ5ã˯Ǿ 86D̸Ŗùř˲ʚ3FI˯Ǿ 87/65
q06ɫ2IȦʩʯěȓƇǋȉJ.I 
 c|~yx 1.4.
³5F3ȓ2ŎʢȦĩȒ̤5ƍMĒHƗI03,.6J?/3Ŏǘ
5ɿʑ3F+.ǩG3J.(Ķ½Ȓ̤0&5ɗ̋ʅ#ɗƢ6ŢǇ2ͅÇ3I
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(BʯǭƢɗ̋MƵ͍36&5ʯǭȒ̤Mɟ˯#I0͔Ž3̶˩/Iɘ3Ȧ
ĩȒ̤MĒI0ĕ˅2ʯǭ3,.6ɘȝ2èɟM˟L$0CĦĴ5ɠŇȘʗ/ŏ
ȥ5ȦêMĒH̛N)HI6ȦêŖMǓé!(H#I)/Ȓ̤ŌĀ#Iĕ˅
ƢHāê3ȯƨMƴL2J72G2ɐ/Iŝ͍˛ř5ê̷/6˛ôȦ
ĩɗ/IɑȦɗ/I3FHɄ˯ƢɄ˯5̣ƅŚŜƢʘŌĀ!.!?0
!.ĔGȦĩȒ̤0&5Ƣ̋3,.5ɿʑɲN3˟LJ.I Ǡ́ţ
2yRWf̉ɂ/IŎʢ͡6&5ǳþ2ðɣ3ğ(ƞɣɿʑɲN3˟LJIF
32+.IȦĩȒ̤5ŚŜƢȦĩͯɑȦȒ̤̈́5̓ʍȖȒ3,.˹ʫ2ȏ˳
˟LJ(Â6ǘū2 
&/Ǹɿʑ/65ʏ͡5ȦĩŎʢͬZl-1,3-]X-1,3-Zdh
fPfͭ3,.ɵťɀƅŌĀF9ȽƅŌĀ3·ʯǭȒ̤5ŌĀM 
3 X ʸİƸȾŜMɣ.˭Ⱦ#I03FHʯǭ̓ʍ15F2Ǽµ/15F3
̧˟#I5MǩG3#I0M˷@(?(5 5 ʏ͡5$J5ȦĩŎʢ3,.
CʯǭȒ̤qǋȉJ.I˯Ǿ˟LJ(52H³ó/+(H˯Ǿ
3ɣGJ(˷ǜ5ʯǭƢāê/+(H0q5É͝Ƣāê/2C5Ŏ
Ɩ+.Ǹɿʑ/6$J5Ŏʢ3,.C͔Ž3ʯǭƢ5ͦ˷ǜM˼˧!d
\rǓŨÙ XʸİƸȾŜDĶ½ 13C NMRȾŜM˟03F+.&5ʯǭȒ̤3,
.Cȏ˳#I03!(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2. *k>+ka}  
  2.1.
1.3.3./̠<(F3Zl5©ȦĩȒ̤6 2012Ɓ3 SawadaG3F+.ȩŜJ(
8!!1969Ɓ3 BlackwellZl3ȦĩȒ̤ŗĹ#I0Młĥ!.³ǽ 7̀
̈́&5Ȓ̤6ǩG3J.2+(&5ı0!.6ǥ§ɖ%(˷ǜMã
ƅɀɈ%.ɣI0+(˷ǜ5˼˧ȟ͋C!6˷ǜ5ȾŜǫ5Ǽµ3Ĭ͟+
((B3Ȧĩ0ɑȦI6Ȧĩ0©Ȧĩ5Ȓ̤ȺĹ!(qjƗGJ.!?+
(00ǀGJIƖ+.Ǹɿʑ/6ͦʯǭƢ5 β ZlMƾ,0/ɽGJ
IxWd5ʏbnxWdͬLamellibrachia satsumaͭ5ȍʛMǅĒ!.Ƕ§ɖ
˷ǜM˼˧#I03FHŐɒ5əƫ3IZl615F2ʯǭȒ̤/I5
C!6JM§ɖãɀɈ%(Ńě3ʯǭȒ̤615F3ŌĀ#I5M˼<
I03!(?(Ǹɿʑ/6ɵťɀƅͬRHͭM˼ʜ!2G XʸİƸȾŜM˟03
FH§ɖ0ɀɈ3FI βZl5ʯǭ̓ʍM˹ʫ3˭Ⱦ#I0M˷@( 
 M`l 2.2.
2.2.1. _ 
bnxWdͬLamellibrachia satsumaͭMɑ­ǆȃȖxRzs~Q
ͬJAMSTECͭ3F+.ͩÛųȿ5Ȧȸʥ 100 m3.ǅĒ!(ǅĒ!(xWd5
ȍʛ6Ȧȱ!.˞½MĒH͈̀ʥ 3 cm 3ë+(Ɣ3 Sugiyama G5Ǡȭ 19/jz
\̋M͈Č!(ʡ˧!(˷ǜ64/Ȧ3Èŗ!( 
2.2.2. *))*]Q2 X?YnL 
ʡ˧!(ȍʛG˚ˉMõ͑!˚ˉ5Ǡ3̶HMĜI!.ͣĩ˗ȥĸ/ƈ+ƊI
03F+.Zl\~Q5̲ğMğ%(ĉʥ 200 µm5̲ğ˷ǜ6Ȧ
/˷ǜk3ĶŜ!XʸİƸŝͥ3Ã#Iɴó?/Ȧ3Èŗ!(C5MǶ§ɖ˷
ǜP2O5 5qd^j/Èŗ!(C5M§ɖ˷ǜ§ɖ˷ǜMG3 K2SO4 5ͣĩņȦ
ɄȷMÜJ(qd^jͬRH = 98%ͭ3Èŗ!(C5MãɀɈ˷ǜ0!( 
d\r X ʸʽʳİƸȾŜ6̗ͦƅǓŨÙǡ˵ SPring-8 5|R BL38B1
/˟+(̲ğ˷ǜMauWms3Sr!Ȯ̀ 1.0 Å5d\rǓŨÙMÜ
Ũ!(ȾŜǫǶ§ɖ˷ǜ0ãɀɈ˷ǜ3ť!.6 RH = 100%§ɖ˷ǜ3ť!.6 RH 
= 0%3ɀƅɮɡȖͬShinyei SRG-1Rͭ3F+.˼ɀ!(ʒȥM 1 L/min/Ĥ±(ʽʳ
İƸĵ6Re]rͬR-Axis V, Rigakuͭ3˴̼!˷ǜ0 IP5̐͑6 SiʞǷ
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5͕̈́͌ͬd = 3.1355 ÅͭMɣ.˦Ț!(ĚİƸ5}\ºʿ6 R-Axis display software
ͬRigaku Mͭɣ.ȾŜ!ƿǘ±M˟+(Ɣ3ǲŪ©¤ȭ3F+.ąºȈŖMȩŜ!( 
2.2.3. @1 CP/MAS 13C NMR "(nL 
ʡ˧!(ȍʛMetRc/˯ʽ!̭ƛê͑3F+.ȪȡɗMİđ!(JM
Ķ½ 13C NMRȾŜ3Ã#Iɴó?/Ȧ3Èŗ!(C5MǶ§ɖ˷ǜP2O5 5qd^j
/Èŗ!(C5M§ɖ˷ǜ§ɖ˷ǜMG3 K2SO4 5ͣĩņȦɄȷMÜJ(qd^
jͬRH = 98%ͭ3Èŗ!(C5MãɀɈ˷ǜ0!( 
Ķ½ͦê˯˅ 13C NMRȾŜ36 Chemagnetics CMX 300êÙĮͬ13C5ßͨĦȮǘ6 75.6 
MHzͭMÁɣ!(˷ǜʛ36e`uP˧5ɴƒ 7.5 mmƒMɣ̣ƅ 3.5–4.5 kHz/
em\ˮİ̓%(˭Ⱦ36¬Ÿêȑ (CP) ȭMɣ1H5 90°zfž6 4.8?(6
5.0 ms0!1H-13CǇ˰ǫ̈́6 1.0 ms0!(ÉĘMĒH̛Ä́͌6 3 s3˵Ŝ!(Āř
d~rÏ5ŀɃ36PkjMɣ(2Ƕ§ɖ˷ǜãɀɈ˷ǜ5ȾŜ3ͅ!
.6ȾŜ5§ɖM͆ș#I(Bp~˧5Zm/˷ǜʛMŢȄ!(f\
r6͔ʸƍǲŪ©¤ȭ]MɣĚ}\M Lorentzͅǘ3̞¹!.}\ê
͑!( 
2.2.4. *))*]Q2 X?YnLa}n 
X ʸİƸ3FIȦĩɑȦȒ̤̈́5ʯǭ̓ʍ6˴0ĝȓ5˵Ŝ/ SPring-8 5|
R BL38B13.˭Ⱦ!(Ƕ§ɖ˷ǜM RH = 90%/ȾŜ!(ƔɵťɀƅM 10%
$,Ȼū%2G RH = 0%?/Ěɵťɀƅ3.ȾŜM˟+(ɵťɀƅMŌĀ%
.GȾŜ?/6 15ê̈́ɵťɀƅMŚŜ%(RH = 0%?/§ɖ%(˷ǜ6
ʲ.ɵťɀƅM 10%$,ǧ%2G 100%?/ȾŜ!ǲƔ3ȦMǘɅļG!.G
ȾŜM˟+(ȾŜ5Ƚƅ6ʥ 23/+( 
ƗGJ(ʽʳİƸĵG R-Axis display softwareͬ Rigaku Mͭɣ.̪̌F9ŖĂʸǠğ
5 X ʸİƸ~ORMƗ(İƸ~OR6 Wada G5Ǡȭ 903F+.}\ê
͑M˟ĚİƸ}\5ºʿMȩŜ!(5}\ºʿGȨB(͕̈́͌GǲŪ©
¤ȭ3FHąºȈŖMȨB( 
2.2.5. k={mnL 
ɵťɀƅʥ 10 %̈́͌32IF3 9ʏ͡5˼ɀņM̯9JG5ͣĩņȦɄȷMÜ
J(qd^j/˷ǜM˼ɀ#I03F+.§ɖ̩ʎF9ɀɈ̩ʎ5̶̸ŌĀM˼
<(˼ ɀņ6 Na2SO3 (RH = 95%), KCl (RH = 85 %), NaCl (RH = 76 %), NaNO2 (RH = 66 %), 
Ca(NO3)2 (RH = 54 %), Zn(NO3)2 (RH = 42 %), MgCl2 (RH = 33 %), CH3COOK (RH = 21 %), 
LiCl (RH = 11 %) Mɣ(RH = 0 % 36 P2O5MÜJ(qd^jMɣ(ȾŜ6 23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5ƣȽŞ/˟̶̸ŌĀ22+(05̶̸MĚɀƅ3I˷ǜ5̶̸0!( 
 e
O 2.3.
2.3.1. *))*]Q2 X?Y 
Ƕ§ɖ˷ǜ§ɖ˷ǜãɀɈ˷ǜ6&J'Jɫ2I 3 ʏ͡5 X ʸİƸzjMʅ!
(ͬFig. 2-1 ͭ?$Ƕ§ɖ˷ǜGƗGJ(Őɒ5ȦĩȒ̤5 XʸʽʳİƸĵM Fig. 2-1a
3ʅ#ĚİƸ}\6͔Ž3̻ͦ˯Õƅ5İƸĵMƗI0/(Ý.5İƸ
ɐ6ąǝǭ5ąºȈŖͬa = 4.80 Å, b = 11.15 Å, c = 10.44 Å, γ = 96.39°ͭ/ƿǘ±J(
J6 SawadaGłĥ!(©ȦĩȒ̤5Ï 80=>ˍ!( 
©ȦĩȒ̤M§ɖ%I0Fig. 2-1b3ʅ#ɑȦȒ̤
5 XʸʽʳİƸĵƗGJ(5İƸĵGȨB(ɑ
ȦȒ̤5ąºȈŖ6ąǝǭͬa = 4.82 Å, b = 9.20 Å, c = 
10.38 Å, γ = 97.05°ͭ/HJ?/3łĥJ.I
ɑȦȒ̤5ąºȈŖ 69,700ˍ!(?(İƸ}\6
Ƕ§ɖ˷ǜ36ûIC55͔Ž3̻ͦ ʯǭƢMÈ
+.( 
Ǡ§ɖ˷ǜMɵťɀƅ 100%/ãɀɈ%(˷ǜ
G6Fig. 2-1c3ʅ#F2İƸĵƗGJ(©Ȧ
ĩȒ̤0İƸzj6͡¹!.Iͬ Fig. 2-1a ͭĚ
İƸɐ5ž6DDƄHƄˮÑ5İƸɐǩɻ32
+(J6ˇȦͯãȦĩ#I̩ʎ/ʯǭƢDʯǭb
Rg»!(0Mƨħ!.I0ˁGJI̌ ̪
5ǲCâÑ5İƸɐ6 d = 10.28 Å3ɝJ(5Ï6
©ȦĩȒ̤5(010)͕ͬd = 11.03 Åͭ0ɑȦȒ̤5(010)
͕ͬd = 9.14 Åͭ5̈́/HãɀɈȒ̤©ȦĩȒ̤
FHCȦĩȦ5ū2C,5ȦĩȒ̤&G
ȦĩȒ̤/I0Mʅī!.(ŖĂʸ5İƸɐ
3,.600l5 lŒǘ5İƸɐ6˭ȾJ$002
5ƋƅƋǠ/ 004 Ɖ0GP215ťʌƢ
Mƾ*ʽʳ̔Ǡğ3êŖ̾5$J2ͬnon-staggerͭ
Ȓ̤/I0L+(J6©ȦĩȒ̤F9
ɑȦȒ̤0ĝȓ/I!!©ȦĩȒ̤DɑȦȒ̤
0ĝȓ3İƸɐMǸ̾5ąǝǭ/ƿǘ±#I0
Fig. 2-1. Synchrotron X-ray fiber 
diffraction diagrams of (a) dihydrate, (b) 
anhydrous, and (c) monohydrate β-chitin 
obtained from never-dried, dried, and 
rehydrated samples, respectively. 
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6/$ąºȈŖMȩŜ#I06/2+( 
2.3.2. @1 13C NMR "( 
d\rʽʳ X ʸİƸ/ɣ(Őɒ5ȦĩȒ̤ɑȦȒ̤ãɀɈȒ̤3ɵƌ#
I˷ǜ5Ķ½ 13C NMR f\rM&J'J Fig. 2-23ʅ#?(JG5f\r
5}\ºʿGȨB(ĚɏʩĊŖ5Āřd
~rM Table 2-13ǀI©ȦĩȒ̤0ɑȦ
Ȓ̤5f\rͬFig. 2-2a, bͭ6}\
ž͔Ž3ŪC20Xu5ɏʩɥ
ǽ5ßͨʸ³ō6Ý.Ǹ5}\0!.˭
ȾJ(C20Xu5}\͔ťʌ
3 2 Ǹ3øJI56PhrPsŀ5 14N
ĊŖ3ɴǇʯě!.I(B3ɡ"I 13C–
14N5ɵªÀɣĊı/I0LJ.I 91
Ɩ+.JG5ʯȁ6©ȦĩȒ̤0ɑȦȒ
̤5ʯǭâ/ĚɏʩĊŖ6#<.ʘÅ/I
#2L*͔ťʌąº6 N-Phl]`b
Ȟŀ 1,/I0Mʅ!.(G3
©ȦĩȒ̤0ɑȦȒ̤5ĚɏʩĊŖ5Āřd
~r5Ÿ6ǲCŏC5/C 1.4 ppm /
H͔Ž3Ô/+(ͬTable 2-1ͭ
J6Ȓ̤5êŖ̾5`~Vd6
͔Ž3¹.I0Mƨħ!.I0ˁG
JI³5ʯȁ6#<. XʸİƸ3F+
.ȩŜJ(©ȦĩȒ̤F9ɑȦȒ̤5
q0ˍ#IC5/+( 8,70 
Ǡ/ãɀɈȒ̤5f\rM˪I0 C3C4C6lŀ5ɏʩ3ɥǽ#Ißͨ
ʸC 2Ǹ5}\3ê͑!.(ͬFig. 2-2c ͭJ6͔ťʌąº3 2,5 N-Phl]
`bȞŀĢ?JI0Mʅī!.(?(Ý.5ɏʩ5Āřd~r6Őɒ5Ȧĩ
Ȓ̤0ɑȦȒ̤5̈́?(6JG0=>ĝ"Ï/+(ͬTable 2-2 ͭXʸʽʳİƸ5
ʯȁ0ěL%.ˁI0ãɀɈȒ̤6Őɒ5ȦĩȒ̤0ɑȦȒ̤5̈́ɰ2Ȓ̤3(
HąºȈŖ6&G 2Ǹ5êŖ̾MĢA&!.&5*5 1Ǹ6Őɒ5ȦĩȒ̤
C 1Ǹ6ɑȦȒ̤3̞`~VdMĒ+.I5/620ˁGJI 
Fig. 2-2. Solid-state CP/MAS 13C NMR spectra of 
β-chitin; samples (a)–(c) are the same as Fig. 2-1. The 
assignment of the carbon atoms is derived from Tanner et 
al.91. 
  18 
 3,Ý.5˷ǜ3,.C65Āřd~r6 59.1–59.8 ppm5ʝĴâ/+(ͬ Table 2-1 ͭ
Horii G 926 C6 5Āřd~r0ʗʨ{sZdŀ5ɵͅ3,.łĥ!.HJ
3FI0Őɒ5ȦĩȒ̤ɑȦȒ̤F9ãɀɈȒ̤5{sZdlŀ5`~V
d6Ý. gg/I0032I 935ʯȁCXʸİƸ3FHǋȉJ.
I©ȦĩȒ̤F9ɑȦȒ̤5q0ˍ!.( 8,70 
2.3.3. k>+qkga} 
ɵťɀƅMŌĀ%2Gd\r X ʸİƸȾŜM˟03FHβ Zl5
ȦĩɑȦȒ̤̈́5ʯǭ̓ʍM˭Ⱦ!(Ƕ§ɖ˷ǜ5§ɖ̩ʎ3Ǐ̪ǠğF9
sample chemical shifts (ppm) 
 C1 C2 C3 C4 C5 C6 CH3 C=O 
dihydrate 105.1 55.4 74.4 83.0 75.3  59.1 23.9 174.9 
  56.3      175.8 
anhydrous 105.3 55.2 73.0 84.4 75.4  59.8 22.6 175.5 
  56.0      176.4 
monohydrate 105.2 55.3 73.1 83.1 75.3  59.1 22.6 175.5 
  56.2 74.3 84.4  59.6 23.9 176.4 
Table. 2-1. 13C chemical shifts recorded from dihydrate, anhydrous, and monohydrate β-chitin. 
Fig. 2-3. Changes in (a) equatorial and (b) meridional X-ray diffraction profiles of the never-dried 
samples of β-chitin during the drying process. Q is the scattering vector (2π/d). 
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ŖĂʸǠğ5 XʸİƸ~OR5ŌĀM Fig. 2-33ʅ#ȾŜ͂Ŕǫ5 RH = 90%/6
©ȦĩȒ̤5zjMʅ!̪̌Ǡğ36 Q = 0.45–1.6 Å–15ʝĴ3 4,ŖĂʸǠğ3
6Q = 1.15–1.3 Å–15ʝĴ31,5}\˭ȾJ(İƸ}\5͕̈́͌6&J'Jd010 
= 11.03 Åd100 = 4.77 Åd11
_
0 = 4.57 Åd110 = 4.22 Åd002 = 5.20 Å/+(ɵťɀƅ
MȻū%.0RH = 40–50%?/6}\žƄH2GC}\ºʿ6ŌĀ%$
©ȦĩȒ̤5??/+(!! RH = 30%óƔ3̫#I0 0105}\ͦ QÑ311
_
00 1105}\6» QÑ3}\žMƄ2Gd~r!(50 d010 = 10.56 Å/
HJ6 XʸʽʳİƸȾŜ3.ãɀɈ˷ǜʅ!(ȦĩȒ̤ͬFig. 2-1cͭ5Ï0
=>ˍ!(RH = 20%32I0}\6ɑȦȒ̤3ťƞ#Iºʿ3d~r!ǰ3§ɖ
%I0}\žFH̻2+.śÝ3ɑȦȒ̤3̓ʍ!(RH = 0%3IĚ}\
5͕̈́͌M˲ʚ#I0 d010 = 9.14 Åd100 = 4.79 Åd11
_
0 = 4.48 Åd110 = 4.04 Å/H
ɑȦȒ̤5ąºȈŖGʚéJIÏ0=>ĝ"32+(Ƕ§ɖ˷ǜ5§ɖ̩ʎ3
.©ȦĩȒ̤6 RH = 40%?/6ŚŜ/+(RH = 30%±̞/̈́½5ȦĩȒ̤3
̓ʍ!(Ɣ3RH = 20%/ɑȦȒ̤3̓ʍ#I0L+( 
Fig. 2-4. Changes in (a) equatorial and (b) meridional X-ray diffraction profiles of the dried samples 
of β-chitin during the wetting process. Q is the scattering vector (2π/d). 
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5 RH = 0%?/§ɖ%(˷ǜ3ť!ƈʲɀɈ̩ʎ3,.Cĝȓ5ȾŜM˟
+(ɀɈ̩ʎ3Ǐ̪ǠğF9ŖĂʸǠğ5 X ʸİƸ~OR5ŌĀM Fig. 
2-43ʅ#ɵťɀƅ5ňú3·}\ž6Ô3Ƅ+(RH = 70%ʎƅ?/6ɑȦ
Ȓ̤5}\ºʿ3ŌĀ62+(RH = 80%32I0}\ž6ơɌ3Ƅ2H 010
5}\ū!» Q Ñ3d~r!(ɵťɀƅǧ3·}\ž5ƄH6ɑȦȒ̤
5ʯǭˣ͕ʘ3ȦêŖ˫ò3ÜH̛A03FHʯǭbRg»!((B/I0
ˁGJIRH = 80%M̏I0ɵťɀƅ5ǧ00C3 0105}\6ǰ3d~r!.
RH = 100%/6 d010 = 10.28 Å02+(̪̌Ǡğ5~OR5zj6§ɖ̩ʎ
5 RH = 30%3IC50ĝȓ/HɑȦȒ̤ȦĩȒ̤ͬFig. 2-1cͭ3̓ʍ!(
0Mʅ!.( 
RH = 100%5ȾŜƔ˷ǜ3ȦMɅ!.ã9 XʸİƸȾŜM˟+(ͬFig 2-4, top ͭ}
\ž6ƄC55~OR5zj6ȾŜ͂Ŕǫ5~ORͬ Fig. 2-3, topͭ
0ĝ"32HȦĩȒ̤Ȧ5Ʌ3F+.ɴ*3©ȦĩȒ̤3̓ʍ!(0L+
(}\žƄ+(56§ɖF9ɀɈ̩ʎ/ʯǭȒ̤GŊJ(HǏÒ!
Fig. 2-5. Changes in unit-cell parameters and 
volumes of β-chitin in the drying process (filled 
circles) and wetting process (open squares), 
calculated using the peaks shown in Fig. 2-3 
and 2-4. The open triangles show the values 
that were obtained by dropping water onto the 
sample at the end of the wetting process. The 
dashed lines show the region of transitions. 
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(H!((B/K§ɖ˷ǜ5ɀɈ̩ʎ3.ɑȦȒ̤6 RH = 70–80%?/ŚŜ
/+(RH = 90–100%/6ȦĩȒ̤MĒH©ȦĩȒ̤;6Ȧ5Ʌ3F+.F
D̓ʍ!(³5§ɖ̩ʎF9ɀɈ̩ʎ5ʯȁM?0BI0©ȦĩȒ̤0ɑȦȒ
̤̈́5̓ʍ6ȦĩȒ̤M¯!.ĕ̡ɰ3̎Hŏ2{fpdfI0L
+( 
Fig. 2-30 Fig. 2-45~ORFHĚɵťɀƅ3IȈŖŜǘͬ a̔b̔c̔
ąǝˮγ 0ͭȈŖ½ʐM˲ʚ!(ͬ Fig. 2-5 ͭȾŜa̔5Ï6=>Ŝ/+(Ǡ
b̔6§ɖ̩ʎ0ɀɈ̩ʎ5̓ʍɐ/&J'JȻūͯňú!͔ Ž3ŏ2ŌĀ˪GJ(
c̔Cĝ"F2ŌĀM˪%(&5ŌĀ6 b̔0ȣ̕!.Ô/+(ąǝˮCŌĀ
!(&5Ÿ6 1 °ǶɁ/+(JG5ʯȁ3FH©ȦĩȒ̤0ɑȦȒ̤̈́5̓ʍ
3.b̔³ō5ȈŖzjCÔ/6Iǩʂ3ŌĀMʅ#0ǩG3
2+(ǲ̞?/ β Zl5ʯǭ̓ʍXug3,.6êŖ̾drdr5=
>ļɴǠğ3ƀ˟ʍÿ#I03F+.dr̈́5̐͑ŌĀ!dr̈́MȦêŖé
ÜH#I0˻ǩJ.( 94!!2G SawadaGǋʅ!(©ȦĩȒ̤5q6
5F2ąʧ2Xug5@/6̓ʍ˻ǩ/20Mʅ!.H 8,95JG5ʯ
ȁC©ȦĩͯɑȦȒ̤̈́5̓ʍ3.6FH˨͐2hfŗĹ#I0Mʅī!.
I0ˁGJI 
§ɖ̩ʎF9ɀɈ̩ʎ5̶̸ŌĀMȾŜ!Fig. 2-6 3ʅ#F2ģɺʘȽʸMƗ(
XʸİƸ3FIʯǭȒ̤ŌĀ5uj]5ʯȁMˁƬ#I0§ɖ̩ʎ3. RH = 
60–50%?/5̶̸Ȼū6ʯǭˣ͕G5Ȧ5ˇɺ/I0ˁGJIǠJ3ʲ
RH = 50% G 20%5̶̸Ȼū6 3ȦĩȒ̤
GɑȦȒ̤5̓ʍ3ɥǽ#IC5/K
&5Ȼū̸6 RH = 0%3IɑȦȒ̤5ʥ
18%/+(J6 N-Phl]`b
Ȟŀ(H 2Ë5ȦêŖ3ɵƌ#I̸/H
©ȦĩȒ̤3Ģ?JI0J.IȦêŖ5
ǘ0ˍ!( 8ǠȦêŖ5ģɺ̩ʎ/6
RH = 70–80%M̏.G5̶̸ňúʥ 12%
/+(5ňúê6 N-Phl]`b
Ȟŀ(HF& 1.5Ë5ȦêŖ3ɵƌ#I
!!5̶̸ňúê36ȦĩȒ̤3Ģ
?JIȦêŖ3úʯǭˣ͕;ģɺ#IȦê
Fig. 2-6. Water desorption and adsorption isotherms 
of β-chitin starting from the never-dried sample. The 
filled circles and open squares show the values in the 
drying process and wetting process, respectively, as in 
Fig. 2-5. 
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ŖCĢ?JI0ˁGJIƖ+.?/©ȦĩȒ̤0ɑȦȒ̤5̈́ɰ2Ȓ̤/
I0ɘƚGãɀɈ˷ǜʅ!(Ȓ̤M	ȦĩȒ̤
/I0´Ŝ!.(
5̶̸ŌĀ5ʯȁGCȦĩȒ̤3Ģ?JIȦêŖ6 N-Phl]`bȞŀ
(H 1Ë/I0ǈȾJ( 
®İ5ŝͥ/6©ȦĩȒ̤0ɑȦȒ̤5̈́½0!.ȦĩȒ̤§ɖ0ɀɈ5̩
ʎ3.˭ȾJ(!!J?/3˟LJ( β Zl5ʯǭ̓ʍ3ͅ#Iɿʑ/
6ȦĩȒ̤ąɚ/6˭ȾJ.2+( 94,96RössleG 966§ɖ%(˷ǜ3Ȧ
êŖMɅ!(͍5Ȧĩ̩ʎMuj!(Ȧ̩÷3GJIF2Ǽµ/6ɑ
ȦȒ̤G©ȦĩȒ̤;5̓ʍ̝̣3̎I(B3ȦĩȒ̤6˭ȾJ2+(0ˁ
GJISaito G 946ǧȽ3FIʯǭ̓ʍM DSC F9 X ʸİƸ/˼<.HDSC ǯ
ʸ/6 2,5ģɕ}\˪GJ.I3CLG$XʸİƸȾŜ/6Ȧĩ0ɑȦȺ
ě!.Izj!ƗGJ.2+(J6 DSCȾŜ0 XʸİƸȾŜ/6˷ǜ5
əƫċŢ36ɫ2+.((B/KǠ/Ư6Ěɵťɀƅ/5ƀˢəƫM
uj!((B3̓ʍ5̧˟6̨ȦĩȒ̤0̈́½ǩʂ3˭Ť/(5)0ˁ
GJI 
  2.4.
bnxWd5Ƕ§ɖ˷ǜ,?HbnxWdŐɒ5əƫ3.ǳ!.
I0ˁGJIʯǭƍ6©ȦĩȒ̤/H?(͔Ž3ʯǭƢͦ0ǩG32
+(JM§ɖ%.0RH = 2030%/ȦĩȒ̤M¯!.ɑȦȒ̤;0̓ʍ!
(ǠɑȦȒ̤MɀɈ%.0 RH = 80%ʎƅ/ȦĩȒ̤;0̓ʍ!(&5Ɣ
100%?/ɵťɀƅMǧ%.CȦĩȒ̤MÈ+.(Ȧ3ȵ#0ɴ*3©ȦĩȒ
̤;0Ʊ+(Ɩ+.©ȦĩͯɑȦȒ̤̈́5̓ʍ6ĕ̡ɰ3{fpdfM·+.̎
I0ǩG32+(()!̓ ʍMʮI03F+.ʯǭƢʯǭbRg6Ȼū!
×36ƱG2+( 
Ǹɿʑ/ƗGJ( XʸİƸĶ½ 13C NMRģɺʘȽʸG˪ʐCGJIȦêŖ5ǘ0
+(ʯȁ36ǋȉJ.IɑȦȒ̤F9©ȦĩȒ̤5q 8,70,710ɼɶ#Iɐ6
2+(Ǡ5ͱ,5Ȓ̤̈́5̓ʍ̩ʎ/˭ȾJ(ȦĩȒ̤6Ƕ)Ȓ̤ǩ
G32+.2)/21969 Ɓ3 Blackwell7ɮ˪!.GɝĹ3ˌI?/5
Ȓ̤3,.łĥJ(Â6=0N12+(Ǹɿʑ/CʯǭƢ»C5!˭Ⱦ/
$&5Ȓ̤MǩG3#I36ˌG2+(ʯǭȒ̤3Ģ?JIȦêŖ5ǘ6
N-Phl]`bȞŀ(H 1 ,êŖ̾dr̈́5̐͑6©ȦĩȒ̤0ɑȦȒ̤
5̈́/H©ȦĩȒ̤0ɑȦȒ̤3&J'J͡¹!( 2 ʏ͡5êŖ̾Ģ?JIȒ̤
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/I0ʅīJ(©ȦĩȒ̤0ɑȦȒ̤̈́5̓ʍXug6©ȦĩȒ̤ǩ
G32+(03FHƖǽˁGJ.(XugFHC˨͐/I0L+.
I®ƔȦĩ5ʯǭȒ̤MǩG3!.05̓ʍXugM˯ǩ
#̽02I5/620ˁGJI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3. -1,3-(*&*k>+ka}  
  3.1.
-1,3-]X0-1,3-Zd6͔Ž3͡¹!(ĀřȒ̤Mƾ+.H&5̬6
C6º5{sZdlŀ5ǳɑ5@/IͬFig. 1-1d, e ͭƖ+.&5ʯǭȒ̤C͡¹!
.H1*GCĝ"F2̶G%NȒ̤/ȦĩȒ̤0ɑȦȒ̤Mƾ,0˱LJ.
Iͬ 1.3.4F9 1.3.5čɓ ͭ5̶G%NȒ̤3.˂5ɵ̬ɐ/I C6º6G%
N5ōÑ3ºʿ!.IͬFig. 1-9 ͭ 
-1,3-]X6ƷNÀɣDÚɭ˼ʜ215ɡɟȲƢ21Mƾ,0!.ȯɳM͏BI
Ŏʢ/H 975F2ɘƢMʅ#56̶G%NȒ̤21-1,3-]X3ɘǳ5ͦȘ
Ȓ̤3ɥǽ!.I5/6205łĥ˨ǘI 98-100Ɩ+.-1,3-]XɡɟȲ
ƢʘMɮɝ#IXugMɟ˯#I(B36̶G%NȒ̤D&5Ȓ̤15F2
ɘƢMʅ#5Mɟ˯#I0ȑB.̶˩/I0ˁGJI 
&/Ǹɿʑ/6-1,3-]X0ĝȓ3̶G%NȒ̤Mƾ,-1,3-Zd3,
.ɿʑM˟00!(-1,3-]X-1,3-Zd5˷ǜ0!.sd5̆
˙Ŏʢ/Izʶ˝ Penicillus dumetosus 5ʫ˄ŉ0&J'JͦʯǭƢ/I
0ɽGJ.IC5Mɣ 9,79,82,101,102ɀɈ˷ǜ0§ɖ˷ǜ5d\r XʸİƸ
F9Ķ½ 13C NMRȾŜ3F+.ȦĩȒ̤F9ɑȦȒ̤3,.˼<(?(ɵťɀƅM
ŌĀ%2G X ʸİƸȾŜM˟03FH§ɖɀɈ3F+.̎IȦĩɑȦȒ
̤̈́5ʯǭ̓ʍM˭Ⱦ#I0M˷@( 
 M`l 3.2.
3.2.1. _ 
-1,3-(* 
Euglena gracilis E-6ͬIAM Xl`\dFHềͭͬ Fig. 3-1aͭM Difco 
Bactopepton 5 g, Difco Yeast extract 2 g, glucose 15 g, vitamin B12 10 mgMȦ 1 L3ĢAĿĺ
/ǮƲ283. 1̦̈́Ŀͤ!( 103˝ ½6̭ƛê͑ͬ 8,000 g, 5ê /ͭİđ!rod type
5͖̏Ȯ/ʫ˄Mʁʀ!(&5Ɣã9̭ƛê͑/ȪȡɗMİđ!2 %SDSMɄ˯%
( 0.1 M Tris-HClʹˡȷͬpH 6.8ͭ/ʥ 15ê̈́ɔȬèɟ!(5ȪȡɗMã9̭ƛê
͑/İđ!ȦȱMāê3ʾH̟!.ɯˑ5zMƗ( 102ͬFig. 3-1b ͭJMȦ3
ȵ!(??C!6 RH = 85%3.Èŗ!(C5MǶ§ɖ˷ǜǶ§ɖ˷ǜMæʯ§
ɖ!(Ɣ3 P2O55qd^j/Èŗ!(C5M§ɖ˷ǜ0!(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-1,3-&* 
Rojɳ5ʶ˝ P. dumetosus5§ɖ˷ǜ6H. ChanzyĆŋͬ~fȎɗͦêŖɿʑ
ƲͭFHǋÃ!.͘(0.1 Nņ̵/ɏ̵XdSMĒH͈(Ɣʫ˄ŉM 70%Uj
w3. 70/ 3ǫ̈́ɕȦ/ 3ǫ̈́èɟ!(G3 0.1 M̵̳ʹˡȷ/ pH 4.5
3˼Ǚ!( 0.3%«ņʩ̵trSɄȷ3. 70/ 3ǫ̈́èɟM˟ʡ˧J(
ʫ˄ŉMƗ(ͬFig. 3-1c ͭĶ½ 13C NMRȾŜF9̶̸ȾŜ/ɣI(Bʡ˧!(˷ǜ
5̱6etRc/˯ʽ!(JGMȦ3ȵ!(??Èŗ!(C5MɀɈ˷ǜ
Ƕ§ɖ˷ǜMæʯ§ɖ!(Ɣ3 P2O55qd^j/Èŗ!(C5M§ɖ˷ǜ0!( 
3.2.2. *))*]Q2 X?YnL 
-1,3-(* 
̗ͦƅǓŨÙǡ˵ SPring-85|R BL38B13.ʞǷ XʸİƸȾŜM˟+(
Z}3ŦÜ!(˷ǜMauWms3Sr!ŞȽ3.Ȯ̀ 1 Å 5d\
rǓŨÙMÜŨ!(ʞǷİƸĵ6Re]rͬ IP 3ͭ˴̼!ͬ R-AXIS V, 
Rigaku ͭ˷ǜ0 IP̈́5̐͑6 170 mm0!(˷ǜ0 IP̈́5̐͑6 SiʞǷ5͕̈́͌ͬd = 
3.1355 ÅͭMɣ.˦Ț!( 
X ʸİƸ~OR6͔ʸƍǲŪ©¤ȭ]MɣĚİƸ}\M
pseudo-Voigtͅǘ3̞¹!.}\ê͑M˟+( 90 
-1,3-&* 
̗ͦƅǓŨÙǡ˵ SPring-8 5|R BL40B2 3. X ʸİƸȾŜM˟+(ʥ
1 cm3ëHé!(ʫ˄ŉ5ʡ˧˷ǜM¾Ȁ̶4ěL%.auWms3ĒH±Ȯ̀
0.7 Å 5d\rǓŨÙMÜŨ!(˷ǜ5ɀɈəƫC!6§ɖəƫMÈ,(B
ɀƅɮɡˤʿͬShinyei SRG-1Rͭ/ RH = 100%, 0%3˼ǙJ(ʒȥM&J'JɀɈ˷ǜ
§ɖ˷ǜ3Ĥ±2GŞȽ3.ȾŜM˟+(İƸĵ6Re]rͬIPͭ3
˴̼!ͬR-AXIS V++, Rigaku ͭ˷ǜ0 IP̈́5̐͑6 SiʞǷ5͕̈́͌ͬd = 3.1355 ÅͭMɣ
.˦Ț!( 
Fig. 3-1. SEM images of (a) Euglena gracilis and (b) paramylon, and (c) optical micrograph of the cell walls of P. dumetosus. 
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X ʸİƸ~OR6͔ʸƍǲŪ©¤ȭ]MɣĚİƸ}\M
pseudo-Voiigtͅǘ3̞¹!.}\ê͑M˟+( 90 
3.2.3. @1 CP/MAS 13C NMR "(nL 
-1,3-(* 
Ķ½ͦê˯˅ 13C NMRȾŜ36 Chemagnetics CMX 300êÙĮͬ13C5ßͨĦȮǘ6 75.6 
MHzͭMÁɣ!(˷ǜʛ36e`uP˧5ɴƒ 4 mmƒMɣ̣ƅ 10 kHz/em
\ˮİ̓%(˭ Ⱦ36¬Ÿêȑ (CP) ȭMɣ1H5 90°zfž6 2.5μs0!1H-13C
Ǉ˰ǫ̈́6 2 ms0!(ÉĘMĒH̛Ä́͌6 3 s3˵Ŝ!(Āřd~rÏ5ŀɃ36
PkjMɣ(2Ƕ§ɖ˷ǜ5ȾŜ3ͅ!.6ȾŜ5§ɖM͆ș#I(
Bp~˧5Zm/˷ǜʛMŢȄ!( 
-1,3-&* 
Ķ½ͦê˯˅ 13C NMR ȾŜ36 Bruker ʇ˧5 Avance êÙ˲ͬ13C 5ßͨĦȮǘ6 100 
MHzͭMÁɣ!(˷ǜ6e`uP˧5jͬɴƒ 4 mmƒͭ3ŦÜ!̣ƅ 12 kHz
/em\ˮİ̓%(˭Ⱦ36¬Ÿêȑ (CP) ȭMɣ1H5 90°zfž6 2.5 μs0
!1H-13CǇ˰ǫ̈́6 2 ms0!(ÉĘMĒH̛Ä́͌6 4 s3˵Ŝ!(Āřd~rÏ6
]d5Xuŀͬ176.03 ppmͭ/˦Ț!( 
3.2.4. X?YnLa}n 
-1,3-(* 
ͳʸqQ~\rr6ͳʸɮɡˤʿRigaku RINT20003FHụ͓́ĸ 38 kV͓
ȳ 50 mA/ɮɡ!w\j/ąˑĀJ( Cu Kαʸͬλ = 1.5418 ÅͭMɣ.˟
+(Ùřʣfmr0!.6ɮǗfmr (DS)Ͳ0.5°Ǘ¦fmr (SS)Ͳ0.5°ē
Ùfmr (RS)Ͳ0.15 mmMÁɣ!(ȾŜǼµ6̍ ȃʝĴͲ2θ = 3-35°fpm̈́͌Ͳ
Δ2θ = 0.05°ʐʚǫ̈́Ͳ5ʋ̈́0!(§ɖ̩ʎ5ȾŜ3.6?$auWj5
˷ǜŞM Mylar~Q/d!&;ɀƅɮɡˤʿ3. RH = 100%3˼Ǚ!(ʓʩ
YfMỵ̄ 1 L/min/ȳ!(Ș3Yf˧5˷ǜĖ3Ƕ§ɖ˷ǜM˚Ļ3Ņź!.
˷ǜŞ;ĒH±(ɵťɀƅ 100 %5əƫ/ǬǓʿ!(ƔͳʸqQ~\rr
ȾŜM˟+(Ͱǫ̈́5ȾŜƔɵťɀƅM 90%3Ōǰ!.&5ɀƅ/Ͱǫ̈́Èƾ!ã
9ͳʸqQ~\rrȾŜM˟+(³Ɣĝȓ3ɵťɀƅM 10 %̈́͌/ 0 %?/
2GȾŜMʾH̟!(ɀɈ̩ʎ5ȾŜ3,.6úĸ!.˚qQf\ə3Ʈ
ƍ!(§ɖ˷ǜM˷ǜĖ3ĒH±ɵťɀƅ 0 %3Ǭʿ(&!.§ɖ̩ʎ0ĝ
ȓ5Ǡȭͬ&5ɀƅ3.Ͱǫ̈́Èƾͮ&5ƔͰǫ̈́ȾŜͭ/ɵťɀƅM 10 %̈́͌/ 100 %
?/2GȾŜM˟+(ȾŜ6ŞȽͬʥ 23ͭ/˟+(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-1,3-&* 
ȾŜ6 SPring-85|R BL40B23. 3.2.2.0ĝȓ5˵Ŝ/˟+(ȾŜ6
˴5-1,3-]X0ĝȓ?$§ɖ̩ʎM RH = 100%G 0%ʲ .ɀɈ̩ʎM RH = 0%
G 100%5̈́/&J'J 10%Ȣ3˟+(ȾŜ6ŞȽ/˟ȾŜ̈́͌6 1020 ê0!
( 
3.2.5. k={mnL 
2.2.50ĝȓ3!.˟+( 
 e
O 3.3.
3.3.1. *))*]Q2 X?Y 
z5Ƕ§ɖ˷ǜ0§ɖ˷ǜP. dumetosus5ɀɈ˷ǜ0§ɖ˷ǜ5d\r
ǓŨÙ XʸİƸĵM Fig. 3-23ʅ#z5˷ǜ6͞ʠə/I(BÝ.5Ǡğ
3ƋƅĻ2ʞǷİƸÕMʅ!.Iͬ Fig. 3-2a, b ͭP. dumetosus5˷ǜ/6ƋƅĻ
/62̱̲ğ!.IȓŖ˭ŤJ(ͬFig. 3-2c, d ͭP. dumetosus5ʫ˄ŉ3
.6ōŉ/6-1,3-Zd5~Qk3̲ğ!.Iâŉ/6̀̔
Ǡğ3̲ğ!.I0łĥJ.H 825ʯȁ0ˍ!.( 
Fig. 3-2. Synchrotron X-ray diffraction patterns of (a) hydrated β-1,3-glucan, 
(b) anhydrous β-1,3-glucan, (c) hydrated β-1,3-xylan and (d) anhydrous 
β-1,3-xylan obtained from never-dried and dried samples of paramylon, and 
wet and dried samples of P. dumetosus, respectively. 
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Fig. 3-25İƸĵFHƗGJ(~ORM Fig. 3-33ʅ#z5Ƕ§ɖ˷ǜ
/6ͦ Q ͚ľ?/͔Ž3̻}\Ŏ˭ŤJ°5ŐɒŎʢ/6ÂM˪2=1
ͦʯǭƢ/I0ǩG02+(ͬFig. 3-3a ͭ˭ȾJ(}\6-1,3-]X
ȦĩȒ̤5ÞǠǭ5ąºȈŖ 9MC03ƿǘ±M˟İƸ}\Řʔ!.ŗĹ!.
I0ƠLJI 9,5}\ͬFig. 3-3aͭGąºȈŖMȨB(0Ka = 15.574 (1) Åc = 
18.587 (10) Å/+(J6 ChuahGłĥ!(ąºȈŖ 90=>ˍ!(˷ǜM§ɖ
%I0ȦĩȒ̤5C506ɫ2I~ORͬFig. 3-3bͭƗGJ§ɖ3F+.ɑ
ȦȒ̤3̓ʍ!(0L+(()!ͦ Q ͚ľ5}\s/H§ɖ3
FIɑȦȒ̤;5̓ʍ3·+.ʯǭƢ»#I0L+(§ɖ˷ǜ5~OR
3,.C˭ȾJ(}\3,. DeslandesGłĥ!(-1,3-]XɑȦȒ̤
5ÞǠǭ5ąºȈŖ 80 MC03ƿǘ±M˟+(&!.İƸ}\Řʔ!.ŗĹ!
.I0ƠLJI 5,5}\ͬFig. 3-3bͭGąºȈŖMʚé!(0Ka = 14.543 (7) 
Åc = 5.853 (9) Å/+(JCDeslandesGłĥ!(ąºȈŖ 800=>ˍ!.( 
z5Ƕ§ɖ˷ǜ36ûIC55P. dumetosus5ɀɈ˷ǜCͦ Q͚ľ?/˨ǘ5
}\˭ȾJͦʯǭƢMʅ!(ͬFig. 3-3c ͭ˭ȾJ(Ý.5}\6-1,3-
ZdȦĩȒ̤5ÞǠǭ5ąºȈŖ 82 MC03ƿǘ±!ąºȈŖMʚé!(ƗG
J(ȈŖŜǘ6a = 15.34 (1) Åc = 6.07 (10) Å/HFrei0 Prestonłĥ!(Ï 820
=>ˍ!(Ǡ§ɖ˷ǜ5~OR/6ž5Ƅ}\ǘǸ˭ȾJ()
/Hz5Ńě0ĝȓ3!.ˇȦ3FHʯǭƢŏž3»!(0L+
(ͬFig. 3-3d ͭJG5}\3,.CÞǠǭ5ąºȈŖ/ƿǘ±M˟+(0Ka 
= 14.2 Åc = 5.8 (10) Å0ʚéJ(JG5Ï6Frei0 Prestonłĥ!(-1,3-Zd
ɑȦȒ̤5Ï 820ȣ̕#I0 a̔5ÏŎūŏc̔5Ï6F&ˍ!( 
Fig. 3-3. Synchrotron X-ray diffraction profiles of (a) hydrated β-1,3-glucan, (b) anhydrous β-1,3-glucan, (c) 
hydrated β-1,3-xylan and (d) anhydrous β-1,3-xylan obtained from intensity integration of the patterns in 
Fig. 3-2. 
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3.3.2. @1 13C NMR"( 
z5Ƕ§ɖ˷ǜ§ɖ˷ǜF9 P. dumetosus5ɀɈ˷ǜ§ɖ˷ǜ5ͦê˯˅
Ķ½ 13C NMRȾŜM˟&JG5f\rM Fig. 3-43ʅ!(z5Ƕ§ɖ
˷ǜP. dumetosus5ɀɈ˷ǜ5f\r6ͬFig. 3-4a, c ͭJ?/3łĥJ(z
D P. dumetosus5f\r 104-1060&J'Jĝȓ5zj˭ȾJ(JG
FHCĚɏʩ3ɥǽ#Ißͨʸǩɻ3ê͑!.( 
z5Ƕ§ɖ˷ǜ5f\rͬFig. 3-4aͭ/6C33ɥǽ#Ißͨʸ 5,3
ê͑!.(5ʯȁ6͔ťʌąº3]`fȞŀ6 5 ,³Ģ?JI0Mʅ
ī!.(ChuahG 96-1,3-]X5ȦĩȒ̤6ċŢ36͔ťʌąº]`f
Ȟŀ 18Ë5ʒ̈́ˀ P1/I͔ ťʌąº]`fȞŀ 6Ë02Iʒ̈́ˀ P33̞
0łĥ!.HǸɿʑ/ƗGJ(ʯȁ6˪5ʯȁ0ˍ#IF3ƠI!
!2G5q/6 C6º5Ȧ̵ŀ³ō6ąºȈŖ5Ý.5Ȟŀʘ!0J.
HC3C4C5ɥǽ5ßͨʸ3,.Cǩʂ3˨ǘ5}\3ê͑!.IǸɿʑ5ʯ
ȁ65q/6āê3˻ǩ/2C6 º5Ȧ̵ŀ³ō5ʙƲ3,.C]`f
6 ȞŀêI6 18 ȞŀÝ.3.`~VdDȦʩʯěȓƇʘɫ2+(
͔Ž3ťʌƢ5»Ȓ̤/Iĕ˅ƢI 
?( P. dumetosus5ɀɈ˷ǜ5f\rͬFig. 3-4cͭ/6C4M͈Ý.5ɏʩ3ɥǽ
Fig. 3-4. Solid-state 13C CP/MAS NMR spectra of: (a) hydrated β-1,3-glucan, (b) anhydrous 
β-1,3-glucan, (c) hydrated β-1,3-xylan and (d) anhydrous β-1,3-xylan obtained from never-dried and 
dried samples of paramylon, and wet and dried samples of P. dumetosus, respectively. The peaks of 
β-1,3-glucan and β-1,3-xylan are assigned according to Saito et al.105 and Saito et al.106, respectively. 
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#Ißͨʸ 2 Ǹ3ê͑!.HJG 2 Ǹ5}\6͕ʐʘ!+(J6͔ť
ʌąº3 2 ,5ZdfȞŀĢ?JI0Mƨħ!.I506͔ťʌą
º3Ģ?JIZdfȞŀ6 1,/I0#I AtkinsG5q 1106ɼɶ!.(
2,5ZdfȞŀ͔ťʌąº3Ģ?JI52G7ŝ͍5Ȓ̤65qFHC
ťʌƢ»ʒ̈́ˀ6 P3/I0ĕ˅ƢIC!6XʸİƸȾŜ/65
q5ąºȈŖ0ˍ#I0ʯȁƗGJ(ŝ͍36 2 Ì5ŏ5ąºȈŖ
Mƾ*2Ǹ5̶G%NĢ?J.I00CHƗI)KI6 2,5ɫ
2IȒ̤ʯǭ3ŗĹ#I0ĕ˅ƢCġŜ/2!!2G$J3!.
CǸɿʑ/ƗGJ(qj5@/6&5ĊıMǞŜ#I06/2(B-1,3-]X
-1,3-Zd0C3ȦĩȒ̤3,.6ǋȉJ.IqM˪ɴ#Ɯ˩I 
§ɖ%I0zP. dumetosus0C3Ý.5ɏʩ3ɥǽ#Ißͨʸ5žŏ
Ƅ+(ͬFig. 3-4b, d ͭ-1,3-]XF9-1,3-Zd5ɑȦȒ̤6ȦĩȒ̤0
ȣ̕!.êŖ̾5`~Vdŏ¦J.I0ˁGJI5F2Ȧ
ĩȒ̤GɑȦȒ̤;5̓ʍ3·+.Ķ½ 13C NMR5}\ƄI0ɝ̂6ɋʞ
DPf/CłĥJ.I 107,108?(5ʯȁ6ˇȦ3F+.ŏž3ʯǭƢ»
#I0ó͙ͬ3.3.1ͭ5 X ʸİƸȾŜ5ʯȁ0Cˍ!(§ɖ3FIŌĀ6Ě}
\5}\ž)/2Āřd~r3CɝJ.HˇȦ3FH]XF9Zd
êŖ̾5`~VdŌĀ!.I0Mʅ!.(³5F2ˇȦ3·
}\žĀřd~r5ŌĀ6-1,3-]X-1,3-Zd51*G3.C C3
3ɥǽ#Ißͨʸ/ɘ3͠˖/+( 
3.3.3. k>+qkga} 
ȦĩɑȦȒ̤̈́5̓ʍ̩ʎM˭Ⱦ#I(BɀƅMȟ͋ɰ3ŌĀ%2GͳʸȾŜ
M˟+(Fig. 3-53z5Ƕ§ɖ˷ǜ5§ɖ̩ʎ0&J3ʲɀɈ̩ʎ3I
XʸİƸ~OR5ŌĀMʅ!(Ƕ§ɖ˷ǜ5~OR6ͬ Fig. 3-5a, RH = 100% ͭ
d\rǓŨÙʞǷͳʸİƸ~ORͬFig. 3-3aͭ0ĝ"-1,3-]X5Ȧ
ĩȒ̤5C5/+(͔ Ž3̻}\,C˭ŤJJG6§ɖ3·+.ƕ
3ƄˮÑ;d~r!(&!.RH = 30%32I0ȦĩȒ̤0ɑȦȒ̤5~OR
̶2Hě+(C502H20%/śÝ3ɑȦĽ;̓ʍ!(Ǡ§ɖ˷ǜ5ɀɈ̩ʎ/6
RH = 0%3.˭ŤJ(ɑȦȒ̤5}\6ɵťɀƅ5ǧ00C3»ˮÑ;d~r
!(&!. 70%32I0ɑȦȒ̤5}\s32H80%/=>śÝ3ȦĩȒ̤
;0̓ʍ!(!!2G 100%3̫!.CͬFig. 3-5b, RH = 100%ͭ}\ž6Ƕ§ɖ˷
ǜͬFig. 3-5a, RH = 100%ͭ5F36̻62G$ʯǭƢ»!(0L+(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Fig. 3-636 P. dumetosus5ɀɈ˷ǜ5§ɖ̩ʎ0&J3ʲɀɈ̩ʎ3I Xʸİ
Ƹ~OR5ŌĀMʅ!(§ɖ̩ʎ56"B6 Fig. 3-3c0ĝȓ51,3-ZdȦĩ
Ȓ̤5zjMʅ!.HͬFig. 3-6a, RH = 100% ͭRH = 30%?/6Ě}\5Ƌƅ˒
ſŪ2+(³ō3ŏ2ŌĀ6˪GJ2+(RH = 20%32I0ɑȦȒ̤3ɥǽ#
I}\ɝJ0%/6śÝ3ɑȦȒ̤3̓ʍ!(ǠɀɈ̩ʎ/6 70%?/6ɑȦ
Ȓ̤5??ŌĀ2+(80%³/6ƕ3ȦĩȒ̤ɥǽ5}\ňú!100%
/6=>śÝ3ȦĩȒ̤;0̓ʍ!(!!2G}\5̻6×5ȦĩȒ̤ͬFig. 
3-6a, RH = 100% 0ͭȣ̕!.ŏž3őLJ.HʯǭƢ6˖!»!.(ͬ Fig. 3-6b, 
RH = 100% ͭ³5ʯȁG-1,3-]X-1,3-Zd0C3ɵťɀƅ5ŌĀ3
FHȦĩȒ̤̈́5̓ʍĕ̡ɰ3̎I0G3&5̓ʍ36{fpdfI
0ǩG32+(JG5ʯȁ6ʗͱʕ5Zl5Ńě0ĝȓ/+( 
Fig. 3-5. Changes in X-ray diffraction profiles during (a) the drying of the 
never-dried paramylon (hydrated β-1,3-glucan) with a decrease in RH and (b) the 
subsequent wetting with an increase in RH. The term Q is the scattering vector (2π/d). 
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Fig. 3-50 3-65Ě~ORGąºȈŖMʚé!ɵťɀƅ3ť#IȈŖŜǘ0Ȉ
Ŗ½ʐMmr!(ͬFig. 3-7 ͭ()!-1,3-]X3,.6̓ʍɐ±̞5~
OR6ʯǭƍ5ȺĹ3FH̱}\ê͑ĳ͒/+((B&JG5ɐ3,.6
ʚé!.2?(-1,3-]X5ɑȦȒ̤F9-1,3-Zd5ąºȈŖ3,.
6-1,3-]X5ȦĩȒ̤5ąºȈŖ3ɵƌ#IF3c̔F9ȈŖ½ʐ6 3Ì3
!(ÏMmr!(ȈŖŜǘF9½ʐ6-1,3-]X-1,3-Zd0C3̓
ʍɐ/5@ŏ2ŌĀMʅ!.(G3a̔3.6̓ʍɐ3̫#IóƔ/CʹD
3ŌĀ!.(5Óğ6-1,3-ZdFHC-1,3-]X/?(ȦĩȒ̤FH
CɑȦȒ̤/FH͠˖/+(ʯǭˣ͕3ģˇɺ#IȦêŖ̶G%N̈́5̐͑3
Ŏū5Ɛ͗MĎ>#5)K0ˁGJI 
Fig. 3-6. Changes in synchrotron X-ray diffraction profiles during (a) the drying of 
the wet P. dumetosus samples (hydrated β-1,3-xylan) with a decrease in RH and (b) the 
subsequent wetting with an increase in RH. The term Q is the scattering vector (2π/d). 
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3.3.4. ={m
k>gk3H6J 
̶̸ȾŜ3FHƗGJ(z0 P. dumetosus5ģɺʘȽʸM Fig. 3-83ʅ!(z
5Ƕ§ɖ˷ǜM§ɖ%.0ƕ3̶̸ȻHRH = 40%G RH = 30%/ơ
Ɍ3Ȼū!(&5Ɣ6ã9ʹD3̶̸Ȼū!(ģɀ̩ʎ/6RH = 60%?/6
ʹD3̶̸ňú!RH = 70%/ơɌ3ňú!.(&5Ɣ6ã9ʹD3ňú!(
ͬFig. 3-8a ͭǠP. dumetosus5ɀɈ˷ǜM§ɖ%.0RH = 60%?/6ơɌ3
Ȼū!(&5Ɣ RH = 50%ʎƅ?/6̶̸Ȼū6Ô32+(RH = 40%G 20%3
.ã9ơɌ3Ȼū!(ģɀ̩ʎ/6RH = 60%G 80%3.ơɌ2ňú˪GJ
(ͬFig. 3-8b ͭ³5̶̸ơɌ3ňȻ!.I͚ľ6F&ó͙5 XʸİƸȾŜ/
˭ȾJ(̓ʍɐ0ˍ!.(Ɩ+.5͚ľ/ɡ"(̶̸ŌĀêͬ-1,3-]X
6 12%-1,3-Zd6 14%ͭ6ȦĩȒ̤5ȦĩȦ3ɵƌ#I0ˁGJIJG
5Ï61]`fC!6ZdfȞŀ(H&J'J 1.1Ë1.0Ë0ʚéJ( 
?( Fig. 3-63ʅ!(ȈŖ½ʐ5ŌĀGCȦĩȒ̤3Ģ?JIȦêŖ5̸M˪ʐC
+(-1,3-]X-1,3-Zd&J'J̓ʍɐ3IȈŖ½ʐ5ŌĀ6&J'J
ʥ 600 Å3480 Å3/HȦ5ŢƅM 1 g/cm30´Ŝ#I0JG5½ʐ6&J'JȦêŖ
Fig. 3-7. Changes in unit-cell parameters of (a) β-1,3-glucan and (b) β-1,3-xylan calculated 
from each profile in Fig. 3-5 and 3-6, respectively. Key: filled circles = drying process; 
empty squares = wetting process. 
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20 Ë16 Ë3ɵƌ!.(5ąºȈŖͬ-1,3-]X5ɑȦȒ̤F9-1,3-Z
d3,.6ąºȈŖ5 3 Ìͭ3Ģ?JI]`fC!6ZdfȞŀ6 18
Ë/I(B1 ]`fC!6ZdfȞŀ3ǌʚ#I0&J'J 1.1 Ë0.9
Ë02IƖ+.̶̸ŌĀ½ʐŌĀ51*GG˪ʐCGJIÏC-1,3-]X
-1,3-Zd0C3 1Ëͯ1]`fC!6 1ZdfȞŀ/I0L+(
-1,3-Zd5ȦĩȒ̤3,.65ʯȁ6 Atkins G5q 110ˍ!.(
Ǡ-1,3-]X3,.6Chuah G5q 906ū!ɫ2+.(Chuah G5
q 9/6ʯǭ3Ģ?JIȦêŖ6 1]`fȞŀ(H 2Ë/&5*ăǘ6
̶G%N5 4 º0 5 º5̵ʩĊŖ±̞3˫òɰ3êź!Căǘ6k3êź!
.I0JI()!J6X ʸİƸ3FIȒ̤˯Ǿ/6 1 ]`fȞŀ(H 1
ËǲC̮ƌ/I0J(3CLG$Ţƅ˲ʚ3F+.&J³ó3łĥJ(Ï
ͬ1 ]`fȞŀ(HȦêŖ 2 Ëͭ7805ɼɶM2#(B31 ]`fȞŀ(
H 1 Ëê5ȦêŖM±ú((B/IƖ+.Ǹɿʑ5ʯȁ0 Chuah G5Ȓ̤˯Ǿ5
ʯȁ6 9ˍ!.I032HȦĩȒ̤3Ģ?JIȦêŖ6 1Ëͯ1]`fȞŀ
Ț!5/620ˁGJI 
  3.4.
-1,3-]XF9-1,3-Zd5ʯǭȒ̤3,.XʸİƸ3FHƗGJ(ąº
ȈŖ6ȦĩȒ̤ɑȦȒ̤0C3J?/3łĥJ.IC5 9,80,820ĝȓ3ÞǠǭ/
H&5ÏCF&JG3ˍ!.(?(ʯǭ̓ʍ5͍3ɡ"IȈŖ½ʐF9
̶̸ŌĀG˪ʐCGJIȦĩȒ̤3Ģ?JIȦêŖ5̸CJ?/3łĥJ.
IʯǭȒ̤˯Ǿ5ʯȁ 9,110ˍ#IÏ02+(!!2GĶ½ 13C NMR5ʯȁ6
-1,3-]X-1,3-Zd0C3JG5ʯǭȒ̤q06ɼɶ!.Hɘ3
-1,3-]X5f\r6͔Ž3˨͐/+(-1,3-]X-1,3-Zd$J
Fig. 3-8. Water-desorption/adsorption isotherms of (a) β-1,3-glucan of paramylon and (b) 
β-1,3-xylan from P. dumetosus. Key: filled circles = drying process; empty squares = wetting 
process. 
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3,.CJG5q6&J=1ǟ!C5/62ȾŜƶˠD˯ǾƳȭ6ƌǫ0
ȣ̕!.Ȉȟ3̧ț!.I˨͐2Ķ½ 13C NMR5ʯȁM˻ǩ#I(B36®Ɣʡƅ
5ͦ˯ǾM˟ǟ(2qMǋȉ!ɴ#Ɯ˩I)K 
-1,3-]X0-1,3-Zd6ĝ"F2̓ʍǀÿMʅ!(̓ ʍ36ǩʂ2̓ʍɐ
Hĕ̡ɰ/{fpdfŗĹ!(̶G%N̈́5̐͑6̓ʍɐ³ō5͚ľ/C
§ɖͯɀɈ3·+.Ô3Ȼūͯňú!.Hʯǭˣ͕3ģɺ#IȦêŖ5Ɛ͗Mē
.̶G%N̈́5̐͑ŌĀ!.I0ʅī(?(ʯǭƢ6ȦĩȒ̤GɑȦ
Ȓ̤;5̓ʍ3F+.ŏž3»!&5ƔɑȦȒ̤GȦĩȒ̤;Ʊ+.C̓ʍó=1
5ʯǭƢMĒHƱ#062+(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4. k>(),k(), IIa}  
  4.1.
2 ʏ͡5ɫ2IǠȭ/ƗGJIȦĩhfPXhf IV 0hf II
Ȧĩɗ6ˇȦ#I0hf II3̓ʍ#I#2L*hf II5ȦĩȒ̤/I
0ɐ3.ß̢!.IƖ+.ȦĩȒ̤Mhf II 5Ȓ̤0ȣ̕#I0
ąºȈŖ6hf II 3ȣ<ȦêŖ5ćBI½ʐ3FHƽŏ!.IC55ŀǸɰ3
61*GChf II 0ĝȓ5`~VdŁʐȓƇMǳ!.I0J.
I!!2GPXhf IV0hf IIȦĩɗMȣ̕!.@I0ąº
ȈŖ5ŏDȦêŖ5̲ì21,ɫ2Iɐ˪GJI 2,3ͬ1.3.1čɓ ͭ 
Ǹɿʑ/6ʽʳGPXhf IVF9hf IIȦĩɗM˼˧!
5 2 ʏ͡5ȦĩȒ̤F9JGM§ɖ%.ƗGJ(ɑȦȒ̤3,.d\r
 XʸʽʳİƸF9Ķ½ 13C NMRf\rMɣ.&5Ȓ̤Mȣ̕!(?(PX
hf IV C!6hf II ȦĩɗGhf II ;5̓ʍ̩ʎM X ʸİƸ
3F+.˭Ⱦ!̓ʍ5XugDȦĩȒ̤5ŚŜƢ3,.˹!˼<I03!( 
 M`l 4.2.
4.2.1. _ 
Ǹɿʑ3ɣ(˷ǜ6ʡ˧J(ͬBoehmeria nivea Gaud.ͭʽʳͬżķʪʻȅƇ¶
ʇͭG˼˧!(ʽʳ5ǻMfpf˧5ƈƊHˤʿ3Ǌ.ĶŜ!3.5 N 
NaOH 3ȵɇ%.PXhf I M˼˧!(?(PXhf IV F
9hf II 5˼˧36ʾH̟!hĀ5ƳȭMɣ( 24,109PXhf
IV5˷ǜ6ȦȱƔ&5??Ȧ3ŞȽ/Èŗ!hf II5˷ǜ6JM͢§%I
0/Ɨ( 
ƗGJ(hf IIMɑȦ{se3 2Ǥ̈́4/ȵɇ!(Ɣāê3Ȧȱ!.h
f IIȦĩɗMƗ(hf IIȦĩɗ5˷ǜ6Ȧ3Èŗ!̱6͢§3FH
ˇȦ%(ͬ³JMhf II’0#I ͭ³5ÀȐ6˷ǜMŽ3ʽʳǠğ3ƈ+
ƊH2G˟+( 
4.2.2. *))*]Q2 X?YnL 
d\r X ʸʽʳİƸȾŜ6̗ͦƅǓŨÙǡ˵ SPring-8 5|R BL38B1
/˟+(̲ğ˷ǜMauWms3Sr!Ȯ̀ 1.0 Å5d\rǓŨÙMʽ
ʳ3ļɴ3 120ʋ̈́ÜŨ!(PXhf IV0hf IIȦĩɗ5˷ǜȾŜǫ
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36ɀƅɮɡȖͬ Shinyei SRG-1R 3ͭF+.RH = 90%?(6 100%3˼ɀ!(ʒȥM 1 L/min
/Ĥ±(ʽʳİƸĵ6Re]rͬR-Axis V, Rigakuͭ3˴̼!˷ǜ0
IP5̐͑6 SiʞǷ5͕̈́͌ͬd = 3.1355 ÅͭMɣ.˦Ț!(ȾŜ6ŞȽ/˟+( 
ĚİƸ5}\ºʿ6 R-Axis display softwareͬ RigakuͭMɣ.ȾŜ!ƿǘ±M˟+
(Ɣ3ǲŪ©¤ȭ3F+.ąºȈŖMȩŜ!( 
4.2.3. @1 CP/MAS 13C NMR "(nL 
Ķ½ͦê˯˅ 13C NMRȾŜ36 Chemagnetics CMX 300êÙĮͬ13C5ßͨĦȮǘ6 75.6 
MHzͭMÁɣ!(˷ǜʛ36e`uP˧5ɴƒ 4.0 mmƒMɣ̣ƅ 5 kHz/em
\ˮİ̓%(˭ Ⱦ36¬Ÿêȑ (CP) ȭMɣ1H5 90°zfž6 2.5 µs0!1H-13C
Ǉ˰ǫ̈́6 1.0 ms0!(ÉĘMĒH̛Ä́͌6 3 s3˵Ŝ!(Āřd~rÏ5ŀɃ36
PkjMɣ(2PXhf IVF9hf IIȦĩɗ5ȾŜ5
͍36ȾŜ5§ɖM͆ș#I(Bp~˧5Zm/˷ǜʛMŢȄ!(f\
r6͔ʸƍǲŪ©¤ȭ]MɣĚ}\M Lorentzͅǘ3̞¹!.}\ê
͑!( 
4.2.4. *))*]Q2 X?YnLa}n 
XʸİƸ3FIPXhf IV5§ɖ̩ʎ6ͮ˴0ĝȓ5˵Ŝ/ SPring-85|
R BL38B13.˭Ⱦ!(PXhf5̲ğ˷ǜMauWms3
Sr!ɀƅɮɡȖͬShinyei SRG-1Rͭ3FHɵťɀƅM˼ʜ!(ʒȥM 1 L/min/Ĥ
±(ȾŜ6ɵťɀƅM 10%$,Ȼū%2G RH = 100%G 0%?/Ěɵťɀƅ
3.˟+(RH = 0%?/§ɖ%(˷ǜ6ƈʲǘɅ5ȦMɅ!.ãɀɈ%
RH = 100%/ã9ȾŜM˟+(ɵťɀƅMŌĀ%.GȾŜ?/6 10ê̈́ͮɵť
ɀƅMŚŜ%( 
ǠXʸİƸ3FIhf IIȦĩɗ5§ɖ̩ʎ6 SPring-85|R BL40B2
3.˭Ⱦ!(ȾŜǠȭ6˴0=>ĝȓ/IȮ̀6 0.7 ÅʽʳİƸĵ6R
e]rͬR-Axis IV++, Rigakuͭ3˴̼!( 
ƗGJ(ʽʳİƸĵG R-Axis display softwareͬ Rigaku Mͭɣ.̪̌F9ŖĂʸǠğ
5 X ʸİƸ~ORMƗ(İƸ~OR6 Wada G5Ǡȭ 903F+.}\ê
͑M˟ĚİƸ}\5ºʿMȩŜ!(  
4.2.5. X!&%',nLa}:Wf 
XʸqQ~\rrȾŜ6 XʸɮɡˤʿRigaku RINT2000MÁɣ!.˟+(a
uWj5˷ǜŞM Mylar~Q/Ţ́!3ɀƅ˼ǙȖͬShinyei SRG-1Rͭ/
˼ɀJ(ʓʩYfMỵ̄ 1 L/min/ȳ!̛N)?$PXhf IV?(6h
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f IIȦĩɗ5ʽʳMauWj3ĒH±RH = 100%/ȾŜM˟+(ʲ .
ɵťɀƅM 50%3Ōǰ!.ǘǫ̈́ʿ.GȾŜM˟+(Ɣ3ɵťɀƅM 100%3Ʊ!.
1ǫ̈́ʮ̩Ɣ3ã9ȾŜM˟+(ȾŜ36ụ͓́ĸ 38 kV͓ȳ 50 mA/ɮɡ!w\
j/ąˑĀJ( Cu Kαʸͬλ = 1.5418 ÅͭMɣÙřʣfmr0!.Ǘ¦f
mrͬDSͭ= 0.5°ɮǗfmrͬSSͭ= 0.5°ēÙfmrͬRSͭ= 0.15 mmMÁɣ!
(ȾŜǼµ6̍ȃʝĴͲ2θ = 5–30°fpm̈́͌Ͳ0.1°ʐʚǫ̈́Ͳ10 s0!(Ⱦ
Ŝ6#<.ŞȽ/˟+( 
4.2.6. mPKLWf 
PXhf IV0hf IIȦĩɗ5˷ǜMȦ3ȵ(?? 406080
100120/ 1ǫ̈́èɟ!(ɕèɟƔ6˷ǜMŞȽ?/ä?!RH = 100%/ Xʸq
Q~\rrȾŜM˟+(ȾŜ6Ý.˴0ĝ"Ǽµ/˟+( 
 e
O 4.3.
4.3.1. *))*]Q2 X?Y 
ʽʳ5d\r X ʸʽʳİƸĵ6áĽɰ2hf I 5zjMʅ!
(ͬFig. 4-1a ͭJM 3.5N NaOH/ˊɈ%I0ʽʳ6PXhf I3
̓ʍ!(ͬFig. 4-1b ͭhf I 0ȣ̕#I0zj6ͧǩ/IJ6ʯǭ
Ƣ5»0¿ê2PXɄȷ5Ǘ¦5(B/I0ˁGJI}\5Ƌƅ6̪̌
5 4.45 ÅF9 4.23 Å3ɝJ( 2,5}\M͈͔Ž3Ɖ+(̪̌5ǲCâÑ5
}\6 12.50 Å3ɝJ.HPXɄȷ3F+.ʯǭȈŖ2Hƽŏ!.I0
Mʅ!.( 
PXhf IMȦȱ#I0ʯǭȈŖ5PXĒH͈J.PXh
f IV;0̓ʍ!(RH = 90%/ȾŜ!(PXhf IV5ʽʳİƸĵM Fig. 
4-1c3ʅ#˭ȾJ(İƸɐ5͕̈́͌Mʚé!©Ǹ̾ąǝǭ5ąºȈŖ 2/ƿǘ±M
˟+(&5ʯȁȈŖŜǘ6 a = 9.21 Å, b = 9.87 Å, c = 10.35 Å, γ = 124.7°0ʚéJ(
Nishimura0 Sarkołĥ!(Ï 2FHC c̔³ō6ŏÏ02+(?(ŖĂʸ5İƸ
ɐ 00l 3.l Œǘ5İƸɐ˭ȾJ20Gʒ̈́ˀ6 P21/I0ʅ
īJ(!!2GŖĂʸ̞5ʗůʸ3˪GJIƋİƸɐ65ąǝǭ5
ąºȈŖ/6ƿǘ±#I0/2+(J3͡¹!(İƸɐ6hf IIIII
5ʽʳİƸĵ3.C˭ȾJ.HJ6m]ĐŨ3FIC5/62ǗɆǗ
¦/I0łĥJ.I 110Ɩ+.®İPXhf IV5ʽʳİƸĵ/˪
GJ(İƸɐCĝȓ5C5/Iĕ˅Ƣͦ0ˁGJI 
PXhf IV M§ɖ%I0hf II ƗGJ(ͬFig. 4-1d ͭh
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f II5 XʸʽʳİƸĵ6PXhf IVFHC}\̻ǰ3Ŏ5}\
˭ȾJ(0Ghf II 5˷ǜ5ǠFHʯǭƢͦ0L+(!
!PXhf IV0hf II5 2,5zj6Ý½ɰ2ɘƚM˪I0͔Ž
3F¹.(ͬFig. 4-1c, d ͭɪŏ2̬6̪̌5ǲCâÑ5İƸɐ#2L* 11
_
0
0ƿǘ±JIİƸɐ5ºʿ/Hhf II/6 d11
_
0 = 7.29 Å3ɝJ.I53
ť!PXhf IV6 d11
_
0 = 8.42 Å/+(hf II5Ý.5İƸɐͬ Fig. 
4-1d Mͭ©Ǹ̾ąǝǭ5ąºȈŖ/ƿǘ±!(0KąºȈŖ6 a = 8.10 Å, b = 9.08 Å, c 
= 10.36 Å, γ = 117.3°0ʚéJ(J6 LanganGłĥ!.IÏ 240=>ˍ!(
PXhf IV5İƸĵ/˪GJ(ŖĂʸ̞5ʗůʸ5İƸɐ6hf
II5İƸĵ3.C˭ȾJ(&5Ƌƅ6͔Ž3Ū+(?(PXh
Fig. 4-1. Synchrotron X-ray fiber diffraction diagrams of (a) cellulose I, 
(b) Na-cellulose I, (c) Na-cellulose IV, (d) mercerized cellulose II, (e) 
cellulose II hydrate, and (f) cellulose II’ (dried cellulose II hydrate) prepared 
from ramie fibers. 
  40 
f IV0hf II5zj͡¹!.(06hfêŖ̾5`~V
dDŁʐȓƇ3ŏ2Ÿ20Mʅ!.I0ˁGJI 
hf II6ɑȦ{se/ˊɈ%(Ɣ3Ȧȱ#I0hf IIȦĩɗ3̓
ʍ!(RH = 100%3.ȾŜJ(hf IIȦĩɗ5 XʸİƸĵM Fig. 4-1e3ʅ
#İƸĵ6Ý½ɰ3ǩɻ/Hhf II Ȧĩɗ5˷ǜ6ʯǭƢ»0L
+(()!̪̌3 3 ,5ƋİƸɐ˭ȾJI21İƸĵ5ɘƚ6PXh
f IVDhf II5İƸĵͬFig. 4-1c, dͭ0͡¹!.(,5ƋİƸ
ɐGʚéJ(ąºȈŖ6ąǝǭͬa = 9.68 Å, b = 9.95 Å, c = 10.35 Å, γ = 125.8°ͭ/+
(İƸɐMPXhf IVDhf II0ĝȓ3ƿǘ±!((BąºȈŖ
5ĒHǠɫ2I LeeG5łĥ!(ąºȈŖ5Ï 306˪ɫ2Iĝȓ5ąºȈŖ5Ē
HǠM!(Ńě5Ï0ȣ̕#I0ͬ 1.3.1čɓ ͭ®İƗGJ(Ï6=>ˍ!.(Ǡ
hf IIȦĩɗM§ɖ%.ƗGJ(hf II’5İƸĵM Fig. 4-1f3ʅ!(
hĀhf IIͬFig. 4-1dͭ0ĝȓ5zjMʅ!HˇȦ3FHhf II
;0Ʊ+(0L+(!!2GĚİƸɐ6ǩɻ32+.HʯǭƢ6ŏž
3»!.( 
2ʏ͡5Ȧĩhf/IPXhf IV0hf IIȦĩɗ5 XʸİƸ
ĵMȣ̕!.@I0,ɫ2IɘƚMʅ!.I0L+(ͬFig. 4-1c, e ͭ&
5*580,6̪̌5ǲCâÑ3ɝJI 11
_
0 5İƸ}\5ºʿ/Hh
f IIȦĩɗ5ǠPXhf IV3ȣ<.FHâÑ3˭ȾJd11
_
0 = 8.73 Å/
+(ȈŖ½ʐ/ȣ̕!.@I0hf IIȦĩɗ0PXhf IV6h
f II FH&J'J 19%14%ŏ+(5ňúê6ȦĩȦ3FIC5)0ˁGJ
I(Bhf IIȦĩɗ6PXhf IVFHŎ5ȦêŖMĢN/I0
32Ihfʯǭ5ȦĩȦȷ½5Ȧ0ĝ"Ţƅ/ŗĹ#I0´Ŝ#I05
ȈŖ½ʐ5ňúê6&J'J 1 ]`fȞŀ(H 1.1 Ë0.8 Ë5ȦêŖ3ɵƌ!.
H̩Č3ǋȉJ.I&J'J5ʯǭȒ̤q0F&ˍ!( 2,3?(ʯǭ
Ƣ6hf IIȦĩɗPXhf IVFHC2H»+(Ŏ5ȦêŖM
ĒH̛A0/ʯǭȒ̤3FH¦Jɡ"I5/620ˁGJI 
4.3.2. @1 13C NMR "( 
Fig. 4-23PXhf IVhf IIhf IIȦĩɗhf II’
5Ķ½ 13C NMR f\rMʅ#PXhf IV0hf II/6C1C4
C6 kmr32+.HJ6áĽɰ2PXhf IV 0hf II 5
f\r 39,111/+(ͬFig. 4-2a, b ͭ2,5f\rMȣ̕#I0ĚɏʩĊŖ3ɥ
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ǽ#I}\ºʿ6=>ĝ"/Hh
fêŖ̾5`~Vd6͔Ž3͡¹
!.I0L+(!!PXh
f IV5f\r/6 82–86 ppmD 62 
ppm 3ɝJI͔ǭ͚ľ3ɥǽ#I}\h
f II3ȣ<.ŏ+(5ʯȁ6 X
ʸİƸ5ʯȁ0ɼɶ!2 
Ǡhf II Ȧĩɗ3̓ʍ#I0
˪f\r6hf II GŏŌĀ
!.IF3@Iͬ Fig. 4-2b, c ͭ!!
Ě}\5Āřd~r6 C45kmr21
5̻}\GǩG/IF3=0N
1ŌĀ!.25 2,5f\r5 
2̬682–86ppmD 62ppm3ɝJI͔ǭ3
ɥǽ#I0˱LJ.I}\hf
IIȦĩɗ5f\r/6FHŏ̻ 2
+(0/I5F2ɝ̂6PXh
f IV5Ńě0ĝȓ/Iͬ Fig. 4-2a ͭ
}\͕ʐ6PXhf5ŃěFH
Cǰ3ŏ+(Ɩ+.hf IIȦĩɗ6&5ɑȦɗ/Ihf II3͡¹
!(`~VdMǳ!ʯǭbRg6hf II 3ȣ<.»0ɐ/6P
Xhf IV 0ĝȓ/IʯǭbRg6PXhf IV FHCǰ3Ū
0L+( 
hf II’5f\r6Ěɏʩ5}\žƄ2+(0ʯǭˣ͕3ɥǽ#I
}\͕ʐŏ2+(0³ō6hĀhf II0=>ĝ"/+(ͬ Fig. 
4-2b, d ͭXʸİƸȾŜ5ʯȁ0CěL%I0hf IIȦĩɗ6PXhf
IVFHŎ5ȦêŖMĒH̛N/ʯǭȈŖMƽŏ%I(Bhf IIȦĩɗ5§ɖ
3F+.ƗGJIhf II’6hĀhf II0ȣ<.ʯǭƢ»FH¦
J(Ȓ̤32I5)0ˁGJI 
PXhf IV5 C63ɥǽ#I}\5Āřd~r6 63.0F9 63.6 ppmh
f II5 C63ɥǽ#I}\5Āřd~r6 63.2 F9 63.9 ppm/+(JG
Ý.5Āřd~r6{sZdlŀ5 gt `~Vd3ɵƌ#I0JIʝ
Fig. 4-2. Solid-state CP/MAS 13C NMR spectra of (a) 
Na-cellulose IV, (b) mercerized cellulose II, (c) 
cellulose II hydrate, and (d) cellulose II’ (dried 
cellulose II hydrate). 
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Ĵ3Ģ?J.( 925ʯȁ6PXhf IV0hĀhf5 Xʸİ
Ƹ3FIȒ̤˯Ǿ5ʯȁ0ˍ!.( 2,24?(hf IIȦĩɗ5Āřd~rCh
f IIG=0N1ŌĀ!2(Bhf IIȦĩɗ5 C6}\C gt`~V
dMʅ#ʝĴ3Ģ?J.I0I!!J6 Lee Gǋȉ!(h
f IIȦĩɗ5q 306ɼɶ!.( 
4.3.3. -tk>(),(), II} 
ɵťɀƅM 100%G 0%?/Ȼū%2GPXhf IV 0hf II
Ȧĩɗ5 XʸİƸȾŜM˟+(ƗGJ(̪̌Ǡğ0ŖĂʸǠğ5 XʸİƸ~OR
ŌĀM Fig. 4-33ʅ#Ȧĩhf0hf II3ß̢#Ǐ̪5İƸ}\ 11
_
0
110020 Q = 0.5–2.0 Å–1ŖĂʸ5İƸ}\ 002 Q = 1.0–1.5 Å–13˭ȾJ(Ⱦ
Ŝ͂Ŕǫ#2L* RH = 100%3.~OR6&J'Jǩʂ2PXh
f IVhf II Ȧĩɗ5zj/H11
_
0 5}\ºʿ6PXhf
Fig. 4-3. Changes in the equatorial and meridional synchrotron X-ray fiber diffraction profiles 
during the drying and subsequent wetting of (a) Na-cellulose IV and (b) cellulose II hydrate. 
The term Q denotes the scattering vector (2π/d). 
  43 
/ Q = 0.74 Å–1hf IIȦĩɗ/ Q = 0.71 Å–1/+(ɵťɀƅȻū!.0
5 11
_
0 5}\6ƕ3ͦ Q Ñ3d~r!.ǰ3}\ž6Ƅ2+.+(
!!PXhf IV6 RH = 50%hf IIȦĩɗ6 RH = 40%MİI0
}\6ƈʲͦ QÑ3d~r!(}\ž6̻2+.+(ǲʬɰ3RH = 0%
/6 11
_
05}\6PXhf IV/Q = 0.86 Å–1hf IIȦĩɗ/6Q = 0.85 
Å–102Hhf II3ɵƌ#IÏ3̫!(5§ɖ̩ʎÝ½M̢!.110F9
0205}\6&J'Jū!$,ͦ QÑ» QÑ3d~r!(³ō3ŌĀ62+(002
5}\Cĝȓ3}\6˒ſ̻2+(C55ŏ2ŌĀ6˭ȾJ2+( 
§ɖ̩ʎ3I~ORͬFig. 4-3ͭ5Ý.5}\ºʿG͕̈́͌Mʚé!Fig. 
4-4 3ʅ!(PXhf IV 5Ńě(11
_
0)͕5͕̈́͌ͬd11
_
0ͭ6§ɖ̩ʎM̢!
. 8.45 ÅG 7.33 Å;0ƕ3Ȼū!(ĝȓ3hf IIȦĩɗ5ŃěCd11
_
06
8.86 ÅG 7.36 Å;0ƕ3Ȼū!(&5°5͕̈́͌d110d020d0026PX
hf IV/6&J'JF& 4.4 Å4.0 Å5.2 Å/=>Ŝ5ÏM0+.(h
f IIȦĩɗ/C d1100 d0206=0N1Ŝ/+(d1106 4.49 ÅG 4.41 Å?
/Ȼū!d0206 4.06 ÅG 4.13 Å3ňú!(d0026 5.15–5.16 Å/=>Ŝ5ÏMÈ
+.(Ě͕̈́͌6ƕ3ŌĀ!ʲIŜ5ÏMÈ+.Hhf II Ȧĩɗ
Fig. 4-4. Changes in the (1 1

 0), (1 1 0), (0 2 0), and (0 0 2) plane d-spacing during 
the drying of (a) Na-cellulose IV and (b) cellulose II hydrate, calculated from the 
profiles shown in Fig. 4-3a and 4-3b, respectively. 
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Ghf II;5̓ʍ36̓ʍɐ20L+( 
1.2.1/̠<(F3hf II6 [110] Ǡğ3ɬȦɰ3Łʐ!(êŖ̾drȒ̤
MƍƮ!.H 24Ȧĩhf/65dr̈́3ȦêŖŗĹ#I0J.I 2,3
&!.®İƗGJ(§ɖ̩ʎ3IPXhf IV 0hf II Ȧĩɗ5
d11
_
0d110d020GȕǞ͕5ąºȈŖMʚé![110] Ǡğˍ#IF3̶4ěL%
(C5 Fig. 4-5a0 b/IPXhf IVhf IIȦĩɗ5Ńě0C
[110] Ǡğ5ťˮʸ5̀6Ŝ/ICǠ5ťˮʸ5͘ɐ a̔Ǡğ3ʍÿ!.
5LIJG5ʯȁGȦĩhf§ɖJI0ɬȦɰ2ɵªÀɣ
3FHŁʐ!(êŖ̾dr6&5Ȓ̤MÈ*2GȦêŖ5Ǔé3F+.͎Hěd
r1! a ̔Ǡğ3̞-.hf II ;0̓ʍ#I0Xugˁ
ŤJ(ͬFig. 4-5c ͭ 
§ɖ̩ʎ3ʲ.ǘɅ5ȦMɅ!.˷ǜMãɀɈ%(ͬFig. 4-3, rehydrated ͭ}
\ºʿ6 RH = 0%500=>ĝ"/+(#2L*Ȧĩhf6ǥˇȦ!.h
f II 32+.!?0ãɀɈ%.CȒ̤3ŌĀ20ǩG02+(
()!~OR36}\˒ſ̻2I21Ô2GɀɈ3FIŌĀ˪GJ
(5F2ʫ2ŌĀ̎I56&Gʯǭˣ͕3Ȧģɺ#I03FHê
Ŗ̾5Ȝ@˯ȶJI(B/KG3hf II 3śÝ3̓ʍ#Ió3ãɀ
Ɉ%(͍36ʯǭȒ̤315F2ŌĀ̎I53,.ȏ˳!(Ȧĩh
Fig. 4-5. Changes in cross-sectional unit cells during drying of (a) Na-cellulose IV and (b) cellulose II hydrate, 
and (c) the proposed transition mechanism from cellulose II hydrate to cellulose II based on (b). The cellulose 
chains of cellulose II and cellulose II hydrate form a sheet structure that forms stacks from the hydrophobic 
interaction of glucopyranose rings. When cellulose II hydrate is dried, the water molecules between the sheets 
are released, resulting in a narrowing of the distance between the sheets. The contraction direction is orientated 
along the a-axis, represented by the arrows in the figure. 
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fMǥ RH = 50%?/§ɖ%JM RH = 100%/ãɀɈ%(ͬFig. 4-6 ͭ11
_
05}
\6ɵťɀƅM 100%G 50%3I0ͦ QÑ3d~r!ʯǭȈŖâGȦêŖ5
̱ǓéJ(5əƫGɵťɀƅMã9 100%3Ʊ!(}\ºʿ6ŌĀ!2
+(J6ȦMɅ!.ãɀɈ%(ŃěCĝȓ/+(ͬqj6ɷɩ ͭ5ʯȁF
HȦĩhfśÝ3§ɖ#Ió3ãɀɈ%I0̓ʍ5̧˟6ǞJI×
5əƫ3ƱIǠğ36̧?200L+(ʯǭȈŖâ3ǃǂJ(ȦêŖ6
RH = 100%?(6Ȧ3ÈŗJ2͇Hĕ̡ɰ3ʒȥ;ǓéJI5)00
32I 
³5F2̓ʍɐ2̓ʍĕ̡0+(̓ʍ5ɘƢ6ʗ 2 ʕDʗ 3 ʕ/
ZlD-1,3-]XͯZdǩʂ2̓ʍɐM·+.ĕ̡ɰ3̓ʍ!(50ȑB.
ťɓɰ/+(JG5̓ʍǀÿ5̬6ȦêŖ0hfêŖ̾̈́5ɵªÀɣ5
̬C!6ʯǭȈŖâ3IȦêŖ5Ƒø3I̬3FIC5)0ˁGJI
#2L*Ȧĩhf5ʯǭȈŖâ3ŗĹ#IȦêŖ6hfêŖ̾05̈́3
ɘŜ5ɵªÀɣMǳ!.G$ʯǭȒ̤5ŚŜĀ3š!.25/KƖ+.
JG5ȦêŖ6&GʯǭȈŖ3k3ŗĹ!.I0ˁGJIJ6P
Xhf IV 3ͅ!.6ǋȉJ.IʯǭȒ̤q 20ɼɶ#Ih
f IIȦĩɗ5q06ˍ!.I 3?(Ķ½ 13C NMR f\r/ʅīJ(Ȧĩ
hf0hf II 5êŖ̾`~Vd5͡¹Ƣ6hfêŖ̾0
ȦêŖ5ɵªÀɣŻ˚/I0M˥±.I0IG3®İƗGJ(ąº
ȈŖCĢBJ?/3łĥJ.IPXhf IVDhf IIȦĩɗ5ą
ºȈŖ 2,3,26,3236GŸIJ6˷ǜ5˼˧ǠȭDÈŗǠȭ5̬3F+.ʯ
Fig. 4-6. Equatorial X-ray diffraction profiles of (a) Na-cellulose IV and (b) 
cellulose II hydrate at RH = 100%, dried at RH = 50% and subsequently 
rehydrated at RH = 100%. The term Q denotes the scattering vector (2π/d). 
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1100 0205}\615Ƚƅ3.C=>ĝ"º
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Ƌƅȣ36ƕ3ŌĀ˪GJ(JG5}\5͕̈́͌M˲ʚ!Fig. 
4-83ʅ!(Ȧĩhf5§ɖ̩ʎ0ĝȓ3d11
_
06Ƚƅǧ00C3ƕ3Ȼū!
Ǡ/ d110 0 d020 6=>Ŝ/+(Ɩ+.Ȧĩhf6§ɖ0ĝȓ3úɕ3
F+.Chf II ;0̓ʍ#I0L+(#2L*Ȧĩhf6(0
Ȧ3ÈŗJ..CͦȽ3ť!.6ŚŜ/+( 
Ȧĩhf5úɕ3F+.ƗGJ(hf II 6§ɖ3F+.ƗGJIh
Fig. 4-7. Equatorial X-ray diffraction profiles of (a) Na-cellulose IV and (b) cellulose 
II hydrate after annealing in water for a period of 1 h at different temperatures. The 
term Q denotes the scattering vector (2π/d). 
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?(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50
êŖ̾drĝŋ a ̔Ǡğ3ğ+.̞-.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I00L+( 
Fig. 4-8. Changes in the (1 1

 0), (1 1 0), and (0 2 0) plane d-spacing on annealing 
(a) Na-cellulose IV and (b) cellulose II hydrate in water at various temperatures, 
calculated from the profiles shown in Fig. 4-7. 
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5.2.3. @1 CP/MAS 13C NMR "(nL 
4.2.3.0ĝȓ5Ǡȭ/˟+(()!ȾŜ6 298 K0 245 K/˟˷ ǜȽƅ6 207Pb(NO3)2
/˦Ț!(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O 5.3.
5.3.1. 300 K
 100 Kk> &$)**))*]Q2 Xb?Y 
Ȧĩz5d\r XʸʞǷİƸȾŜM 300 KF9 100 K/˟ƗG
J(~ORM Fig. 5-13ʅ#ŞȽ#2L* 300 K±̞3I XʸİƸ~O
R6ʗ 3ʕ/ƗGJ(ĝȓ5˷ǜ5 XʸİƸ~ORͬFig. 3-2aͭFHCǰ3˯
Õƅ5ͦC5ƗGJ(ͬFig. 5-1a ͭ˭ȾJ(}\6ȑB.̻ͦ Q͚ľ3?
/ȼ+.ǸǸ3ê͑!(}\˭ȾJ(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Q = 0.82 Å-13˭ȾJ(}
\5F3ƋƅŪ(B3J?/36˭ȾJ2+(}\C˭ȾJ(
Fig. 5-1. Synchrotron X-ray diffraction profiles of hydrate paramylon obtained at 
(a) 300 K and (b) 100 K. The peaks indicated by an asterisk (*) are derived from 
ice crystals (ice Ih). The term Q is the scattering vector (2π/d). 
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ɵ̓ʍ̎.IȽƅ͚ľ3,.ǰ3ŝͥM˟+(240300 K̈́/5äĈ̩ʎ0
&J3ʲúɕ̩ʎM 10 KȢ3d\r XʸʞǷİƸ3FH˭Ⱦ!(ͬFig. 5-4 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ʚé!(ȈŖŜǘ0ȈŖ½ʐ5ŌĀM Fig. 5-53ʅ# 
äĈ̩ʎ/6 270 K3.ŞȽɵ5İƸzjͬFig. 5-1aͭG»Ƚɵ3ɘǳ5zj
ͬFig. 5-1bͭ;0̱ŌĀ!260 K/6śÝ3ŌĀ!.(ͬFig. 5-4a ͭǠúɕ
̩ʎ/6 270280 K3.»Ƚɵ5İƸzjͬ Fig. 5-1b ͭGŞȽɵ5zjͬ Fig. 
5-1aͭ;0Ʊ+(ͬFig. 5-4b ͭ³5ʯȁGŞȽɵ0»Ƚɵ̈́5̓ʍ6ĕ̡ɰ/H
̓ʍɐ 270 K ±̞3ŗĹ#I0L+(?(ɵ̓ʍ̎I0ȈŖŜǘ0ȈŖ
Fig. 5-2. Changes in synchrotron X-ray diffraction 
profile of hydrate paramylon on cooling from 300 to 
100 K. The term Q is the scattering vector (2π/d). 
Fig. 5-3. Changes in the unit cell parameter and 
volume of hydrate paramylon on cooling from 
300 to 100 K, calculated from the peaks shown 
in Fig. 5-2. The values of the thermal expansion 
coefficients are also given. 
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JG5ÞǠǭȧ3ɥǽ#
I}\6ʯǭˣ͕3Ȟŗ!.Iū̸5Ȧæ
+.ɡ"(5/620ˁGJIʗ 3ʕ/6
Ȧĩz5 a̔ɵťɀƅ3Äŗ!.ŌĀ#
I0ʯȁƗGJ.Hʯǭˣ͕3ģɺ!(
ȦêŖʯǭȒ̤3Ɛ͗MĎ>#0Mʅī!.
I(BǸɿʑ/˭ȾJ(ɵ̓ʍCģɺȦ5ç
ĶͯɄ˯3̎ı!.Iĕ˅ƢI!!2
Gúɕ̩ʎ3I 280 K5~OR/6ȧ
5}\6Ȟŗ!.I3CLG$İƸzj
6ŞȽɵ3śÝ3ŌĀ!.I(Bͬ Fig. 5-4b ͭ
Fig. 5-5. Changes in the unit cell parameters and 
volume of hydrate paramylon on cooling from 300 
to 240 K (filled circles) and subsequent heating 
from 240 to 300 K (open squares), calculated from 
the peaks shown in Fig. 5-4. 
Fig. 5-4. Changes in the synchrotron X-ray diffraction profile of hydrate 
paramylon (a) on cooling from 300 to 240 K, and (b) on subsequent heating from 
240 to 300 K. The term Q is the scattering vector (2π/d). 
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Fig. 5-6. Solid-state CP/MAS 13C NMR spectra of hydrate 
paramylon: (a) RT phase obtained at 298 K, and (b) LT phase 
obtained at 245 K. 
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